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Abstract:

At the outset of work related to this thesis, a "grand system" for acquisition of logging operational data,
was visualized. The major hypothesis submitted that a data gathering system for gathering facts about
logging operations could be developed to describe these same logging operations to any desired degree
of accuracy and detail. This hypothesis was neither proved nor disproved, but considerable support of a
positive nature was presented.

In pursuing the major hypothesis four methods of data gathering--!) time lapse photography, 2)
standard speed and slow motion movies, 3) stop watch time study, and 4) work sampling--were
analyzed relative to the real world of logging.

Before an attempt could be made to create a system from these four data gathering methods, it was first
necessary to examine each method relative to the logging environment. Of the four methods, time lapse
photography was analyzed the most thoroughly because of advantages of this method found in other
industries and due to the problems encountered in applying the method to logging.

Several pitfalls were encountered in the application of the four methods, including the following: 1.
Logging has many more variables that must be considered than is typical of other industries.

2. Most logging operations" move frequently.
3. Data gatherers are faced with view obstructions, impediments to movement, and serious hazards.
Attempts to deal with these pitfalls are discussed in the thesis.

Following studies made to establish the feasibility of applying the four data gathering methods to
logging, the costs of data gathering were examined and found to be considerably higher than similar
data costs in other industries. This is due in part to the distance typically traveled and time consumed in
reaching a logging site.

Finally, guides to planning a data gathering system using the four data gathering methods studied were
presented. Although much data can be gathered using the four methods, and capabilities of the methods
tend to overlap, certain types of data remain which cannot normally be acquired without application of
additional data gathering tools and techniques.
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ABSTRACT

At the outset of work related to this thesis, a "grand .
system" for acquisition of logging operational data. was visu-
alized. The major hypothesis submitted that a data gathering
system for gathering facts about logging operations could be
developed to describe these same logging operations to any
desired degree of accuracy and detail. This hypothesis was
neither proved nor disproved, but considerable support of a
positive nature was presented.

In pursuing the major hypothesis four methods of data
gathering--1) time lapse photography, 2) standard speed and
slow motion movies, 3) stop watch time study, and 4) work
sampling--were analyzed relative to the real world of logging.

Before an attempt could be made to create a system from
these four data gathering methods, it was first necessary to
examine each method relative to the logging environment. Of
the four methods, time lapse photography was analyzed the most
thoroughly because of advantages of this method found in other
industries and due to the problems encountered in applying the
method to logging.

Several pitfalls were encountered in the application of
the four methods, including the following:
1. Logging has many more variables that must be con-
Sidered than is typical of other industries.
2. Most logging operations move frequently. ‘
3. Data gatherers are faced with view obstructions,
impediments to movement, and serious hazards.
Attempts to deal with these pitfalls are discussed in the
thesis.

Following studies made to establish the feasibllity of
applying the four data gathering methods to logging, the costs
of data gathering were examined and found to be considerably
higher than similar data costs in other industries., This is
due in part to the distance typically traveled and time con-
sumed in reaching a logging site.

Finally, guldes to planning a data gathering system
using the four data gathering methods studied were presented.
Although much data can be gathered using the four methods, and
capabilities of the methods tend to overlap, certain types of
data remain which ecannot normally be acquired without appli-
cation of additiomnal data gathering tools and techniques.




CHAPTER I
CONCEPT OF A DATA GATHERING SYSTEM FOR LOGGING
THE HYPOTHESES

The major hypothesis underlying this study is that a data
gathering system for collecting facts about logging operations
can be developed to describe these same logging operations to
whatever degree of accuracy and to whatever degree of detaill
an analyst may desire. The secondary and implicit hypothesis
is that the accuracy and detall required will be accompanied
by some "exponentially" increased costs that will resemble the

curve in figure 1.

Cost of obtaining data

omplete real world description

c
£

Data detail and accuracy

Figure 1: Hypothesized relationship of data cost to detaill
and accuracy.
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To be economically useful, the "data gathering system"
shquld Be so developed that elther periodically or contin- .
uously an estimate can be made of the accuracy and detail of
acoumplated data, giving consideration to the vaiue of this
data and the cost of gathering it.

’LOGGING‘OPERATIONS
- The five workvoperations to Ee considered hers (felling,

1imbing, bucking, skiddiﬁg? and loading) are each usually
quite readily described from the standpoint of tasks aceom-
plished and the seqﬁence of events. In support of this state-
ment, generalized descriptions are.given in the féllqwing
paragraphs for each of these operations, Moét contemporary
variations of these operations will fit these generalized
descriptions.
A LOGGING OPERATION: FELLING

Felling, which is an operation to cut down a tree, is the
first of several steps Qf logging. The tasks té be accom-
plished in felling are transportation of a cutting tool or
machine to a selected tree and using this tool or machine to
sever ﬁhe tree close to the ground in a manner such.that the
treé will topple to the ground. It is coneeivable.that‘the
future could bring for?h a meaﬁs of §evering a tree other than
sawing. Suitable adjustment to fit such methods should cause
no major problems of task-deseriptioﬁ. It is logical to

assume that felling also inecludes control of direction (or at
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- least partial control) of the tree top's travel to earth when
the operation'is performed by a skilled worker using currenﬁly
predominant methods.

SEQUENCE'OF WORK EVENTS : FELLING

A common sequence of events. of felling a tree is de-

scribed by the following list:
1. Select the tree to be felled,
2 Transport cutting tool or machine to tree,
3. Determine directien for tree's fall,
4 Use cutting §ool or machine to make necessary cuts
at base of tree, commonly: |
| a. Saw a noteh and baek cut with power saw,
b. Shear tree with lavge mechanical shear,
5. Remove cutting tool and stand clear of falling
tree.
These'evenﬁs are repeated with variations in degree. for each
tree that is felled.

Items not included‘in this basic list of events, but
which are not insignificant to the operation of felling in-
clude 1) travel to and from the cutting area, and 2)sharp-
ening and repair of the)cuéting tool or machiné. The lists
of events describing other operations will, likewise, omit
certalin supporting tasks. They may alse warrant consideration
in a data gathering system, but the major operations will be

studied first.




A LOGGING OPERATION: LIMBING
Limbing 1s the operation of removing limbs from the mar-

ketable portion of a tree's stem. The tasks of limbing are

1) transporting a cutting tool or machine to a tree and aloné
the tree's stem, and 2) using the cubting device to sever the
limbs. |
SEQUENCE QE WORK EVENTS: LIMBING
The sequence of Separate eventslwhich describe in general
the operation of limbing follows:
1. Select the tree to be limbed,
2. TranSport cutting tool or machine to tree,
3. Transport cutting tool or machine along stem of
tree,
L, Use the cutting tool or machine to sever limbs as
they are encountered.
These events are repeated for each tree that is limbed.
A LOGGING'OPERATION: BUCKING
Buqking is the operation of cutting tfees to log lengths.
A special case of "bucking," in which that portion of a tree's
top which has a diameter too small for commercial use 1s re-
moved, is commonly called "topping." The tasks of bucking are
transporting a cutting too; or machine to a tree and along the
tree's stem, measuring "required" log lengtﬁs, and using the

cutting device to cut the tree to log lengths.




-5-
SEQUENCE OF WORK EVENTS: BUCKING
A common sequence of events involved in bucking a tree
follows:
1., Select the tree to be bucked,
2. Transport a "measuring device" and a cutting tool
or machine to tree,
3. Measure log length while transporting cutting tool
or machine aléng stem of tree,
4. Cut through tree at the appropriate point(s),
5. Repeat steps 3 and 4 until entire tree is cut into
regulred log lengths.
Thesé events are repeated for each tree that is bucked.
A- LOGGING OPERATION: SKIDDING |
Skidding, the operation in which logs are moved from the
felling point to a loading area commonly termed a "deck,"
involves the tasks of operating some device or a machine so
that it will .pick up or "get" the logs, singly or in gfoups,
and transport them to the desired location for loading. In
this study, skidding is intended to include all methods of
moving logs from the cutting area to the loading area. Those
methods which 1ift one end of the log when 1t is moved, and
methods with other variations, will not be placed in a sep;
arate category as is sometimes done in 1ogging terminology.
SEQUENCE -OF WORK EVENTS: SKIDDING -

A sequence of events for a typlcal mechanized skidding
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operation can be generally described as follows:
1. Guide‘skidding machine, or a part of 1%, to area
of log or logs to be skidded,
2. ’Select'log to be skidded, ‘
3. Attach cable or hook from skidding machine to the
selected log, \
B, Repeat steps 2 and 3 until the desired number, of
logs for ome "drag" have been attached,
5. Transport a "drag" of logs to loading area,
6. Release the logs.
These events are repeated for each log or "drag" df logs.
A LOGG;NG OPERATION: LOADING
Loading 1s the operation of placing logs on a hauling
device, commonly a truck, for transportation to the mill. The
tasks involved are the operatidn_and control of a loading
machine such that i1t will piek up logs amd place them in
desired positiéns on the hauling unit.
SEQUENCE OF WORK EVENTS: LOADING
The sequence of events to describe generally the loading

operation follows: _

l. BSelect logs to be loaded

2. Operate machine so it will reach for or trével to
selected logs,
Cause machine to grasp logs,

4, Operate machine so it will pick up logs,
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5. Operate machine so it will move logs and positien
them on the hauling unit, |

6. Cause maeﬁine to release logs.
It is to be recognized that'in some Operationé only one log 1is
handled each cycle. The sequence of évents in the list is
repeated as many times as necessary for each "hauling unit"
that is loaded.

LOGGING OPERATION DESCRIPTIONS CLARIFIED

pesgriptionslof operations.as presenteé here do not

provide for a breakdown into standard time.study elements.
The variations that occur increase almost geometrically as
an Qperation.description is presented in greater detail; Even

these generalized descriptions may not be broad enough to

encompass all methods, current or fubure, of performing the
basic logging.operation‘s°

As an example, consider event number 3 of the felling - '
operation, "determine direction for tree's fall." A power
chain saw is in common current use for @aking ﬁhg ﬁeeeSsary“
cuts at the base of the tree. These cuts represent the
feller's most-usefui means for controlling the direction of
the tree's fall, To determine the direction in which the tree
will fall,iﬁhe feller must conéider such things as %he "lean™
of the tree (angle.with the vertical), amount and position of
branches, directlon -and intensity of -the wind, and the slope -

of the ground. These factors are frequently not constant as
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the feller goes from one tree to the next. Occasionally the
wind 1s not even constant during felling of a single tree;
cases have been observed where a saw has become wedged in the
tree while making a back cut béeause the wind direction
changed.

Gonsidefing the various directions in which he can make
the tree fall on the basis of factors beyond his control, the
feller determines the direction in which'he will try to make
the tree fall, He then decides how he will cut the tree so
that it will fall in the chosen direction. This decision must
be made for each tree.

If instead of a chain saw a large machine with a shear
and the means for positive control of the tree's direction of
fall is used, only one decision may be necessary for the di:
rection of felling an entire block of trees, making the de-
cision brocess negligible for individual trees.

It is possible to show that man& of the other events for
each operation will be subject to increasing numbers of Vari;
ations as elements become more detailled. | C
, ~ (5, chap. 1 & 2)
Because of this it 1s noet feasible in this paper to discuss
in detail all of the'possibie method variations that could be
analyzed for the five logging operations being considered.

EXTENT TO WHICH REAL WORLD IS TO BE DESCRIBED '
It -is anticipated that data sufficient to describe 1og;

ging operations in complete detail and with precise accuracy

-




_9_
would, if it is possible to gather that much data, cost an
astronomical amount of money. There are, however, many prac -
tical situations that do not require such compléteness of de-
tall and preciseness for every part of. an operation.

If the data gathering system is not to provide a complete.
real world description of all details of every operation to /
which it is applied, then precisely what and how much infdr;
mation should be gathered? At least two factors must be con-
sidered to intelligently answer this question. First, what
is the intended use of the data; and second, what meéns; if
any, are agvallable for gathering the desired data.

WHAT DATA IS DESIRABLE

There'are.many_possibilitiés.as to what information could.
be required. In this sytem, only data that can be used to.de—
-terming or ?educe production costs of an operation or groﬁp of
operations will be considered. We must, of course, be con-
cerned with the cost per unit of production at some production
level,

Since the data gathering system 1is to provide data that
will ald in the determination of costs or that can be analyzed
in an effort -to reduce costs, and since we are conecerned with
these costs as they relate to production, the data gathering
system should provide:

l, A means of megsuring factors affecting costs,

‘2, A means of measuring productivity rate,
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3. A means for measurement and description of factors
that have a significant controlling”influence on
productivity rates.

OBSERVATION, MEASUREMENT, AND RECORDING OF THE
~ FACTORS THAT AFFECT LOGGING COSTS

The faetors that commonly affect costs of any produgtion
operation inelude men and machines required ﬁo perform the
operation and the time elapsed durlng each cycle of the oper-
ation.” Idle time alsoe affects the cost..

The number of men and brief machine descriptions aré
readily obtained by observation. Reasonably complete machine
descriptions are often available from the manufacturer's ad-
vertising literature. More complete descriptions of both,
men (such as skill requirements and skill levels) and machines
can usually be prépared 1f increased benefits warrant the
increaéed expense.

Measurement of cycle times can bg'readily aceomplished by
one éf the time study techniques. Cyélé times in many log-
ging operations, unlike the operations in many industries,
appear to be subject to large variations. To quantitatively
relate eycle time variations to the causes of the variations
demands special attention to pertinent data in a da?a gath-
ering system. A s;ngle fixed "cycle_time" standard; for most

logging operations, is expected .to have'little practical value.
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Compensation rates for logging in the lodgepole pine
areas are usually available on inquiry, but are commonly based
on board feet of merchantable timber delivered to the mill.
This measure is subject to natural and human factors that make
its use as a measure of produetive effectiveness inconsistent.
Consequently, in actual pfaetiee costs per board foot for log-
ging operations tend to be inconsistent even for:é particular
combination of methods, men, and machines.

| ~ MEASUREMENT OF PRODUCTIVITY RATE

Sawlogs are normally bought and sold on a board foot
basis, and it is common for production workers to be paid on
the same basis. This would therefore appear to be a logi¢a1
unit of productidn'measurement for data gathered for anal&sis,

The board foot as é unit of production measurement'does,‘
however, present problemé, For most logging operations it
appears difficult, if not impossible, for one observer to
make the necessary measurements in the. time availabie during
a cycle if interference with production is tb be avoided.

Fof many operations, production effort and effectiveness
are not readily felated to board foot produetion rates. This
leads to the conclusion that comparisons of operation alter-
natives on the basis of board foot production rates will have
questionable value. Establishing costs on a bqard foot basis,

though valid for a particular situation, may be next to
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useless as a tool for prediction of fubure costs in a slightly
different situation.

Productivity rates, should, perhaps, be established on a
work element basis. For example, times required to make the
necessary cuts to fell trees of various sizes could be deter-
mined; rates of travel between trees could be determined for
fellers carrying various sizes of saws over various slopes,
and so on with each element having a productivity rate estab-
lished on the basis of influencing factors having the greatest
effect in each case, |
| MEASUREMENT AND DESCRIPTION OF FACTORS THAT

HAVE A SIGNIFICANT CONTROLLING INFLUENCE
~ ON PRODUCTIVITY RATES

Determination of such things as time to make the neces-
sary cuts to fell trees of various sizes will require certaln
measurements in addition ﬁo_elapsed time Values, ,For example;
in this case it is neces%ary to measure Hthe tree size (paftic—
ularly its diameter)f In other words, it is necéssafy to
measure the controlling influences if they are to be related
to productivity rates.

| 'METHODS OF DATA GATHERING

. Four data gather;ng methqu afe to be considered in this
thesis. They are 1) time lapse photography, 2) standard and
slow“moﬁion_movies, 3) time study, and 4) work sampling. The
greatest amount of attention wilil be devoted to time lapse

photography which already appears to be a promising tool.




CHAPTER II
TIME LAPSE PHOTOGRAPHY
A PERTINENT TIME AND MOTION STUDY TECHNIQUE
FOR DATA GATHERING IN THE FIELD

Time lapse'photography is a modified motion picture tech-

nique, involving thg use of a specilal movie éamera. The cam-
era is modified so that, in the original photography, a
greater than normal time interval elapses between suceessive
frames, It.is commonly used_for visualizing and reoording
the normally invisibly's;ow processes., (A well-known exam-
ple of the use of time lapse photography is the Visualizing

of the opening of a flower bud.)
- {10,p.13)
In the later 1940'5( ) time lapse photography began
. 9,p.13 )
to find industrial application in a newly developed work

analysis tool called memomotion study.
Memomotion study 1s a motion and time study technique .

invented by Marvin E. Mundel. In the words of
(8,p.1786)
Mundel: .

"Memomotion study is the name given to the
special form of mlcromotion study in which
motion pictures are taken at unusually slow
Speeds. Sixty frames per minute (one per
second) and one hundred frames per minute
are the speeds most commonly used. Like

all micromotion study, it is primarily an-
other means of performing the second step

of the logical method, ‘analysis,' with

man activity, and requires three phases:
filming, film analysis, and graphic pre-
sentation., Memomotion may also be used to
study the flow of material or the use of
materials-handling equipment in an area, or
fo study simultaneously the man work, equip-
ment usage, and flow of material., The infor-
mation contained on the film may be analyzed
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in numerous ways and alternative presenta-

tions of the data in graphic form are pos-

sible, dependlng on the objectlves of the

study."

(18313.301) ‘
The logical method of which Mundel speaks involves the

application of the_following‘steps:

1. Aim (determination of objective),
2 Analysis,
3. Criticism,
4, 1Innovation,
5 Test,
6 Trial,

7. Application,
Discussion of the method can be found in Mundel's book, Metion

and Time Study, Principles and Practice,

(18,p.27-28)
"Time lapse photography" 1s the first of the three phases

(namely, filming) that Mundel points out as being required for
memomotion study. It is the device by which data are gathered
when memomotion study is used for operation analysis.

Time lapse photography, when used as the first phase of
memomotion study, is simply a means of briefly recording on
£film the essential "elements" (standard industrial enginegr-'
ing definition) of an operétion cycle. . This technique is
subject to several limitations, but it also has numerous ad-
vantages (where favorable ecircumsbances exisp) over other

motion and time study techniques. The advantages and
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limitations of time lapse photography will be discussed in
later sections of this chapter,

Known épplications of this technique in other industries
are discuséed below, |

USE OF TIME LAPSE PHOTOGRAPHY. IN
MANUFACTURING AND OTHER INDUSTRIES

Time lapse photography, in its relatively new memomotion
study application, is primarily useful in studying any of, or
any combination of, the following:

(18,p.301-302)

1. Long cycles,

2. Irregula: cyclés,

3. Grew activities,

4, Long period studies.
It has been successfully used in a wide variety of other in-
dustries prior to its trial at Montana State Univgrsity'as a
tool for data gathering in the study Qf logging operations.
(The author has found no evidence of previous application of -
time lapse photography to the study of logging operaéions.)

The'féllowing list will serve to illustrate The wide
range of activities where time lapse photography has been used
as a means of gathering data for analysis of the opera-
tions:

(18,p.302)
1. Gas company street work,

2. Twenty-four-man steel casting mold line

3. Prefabricated house section manufacture, ’




10,
11.
12,
13,
14,
- 15.
16.
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Réilroad-cgr humping in a classification yard,
Aireraft service on the ramp at a commercial air-
port,
Dry-salt meat packing line,
Stripping at delivery end of a cuttinglpress,
Package handling at a packing-house sorfiﬁg
center,
Two-man welding crew on water heater assembly
1ine,‘_
Municipal garbage handling,
Dental agtivity,
Household activities,
Department storeAclerks,
Fifty-man paper making—haéhine repair‘crew,
Icé house crew,

Bailroad car 1oadingjcrew.

To_multiply the significance of the wide range of aectiv-

ities where time lapse photography has been used, the ways

in which it has been used also eover a broad area of ap-

proaches as illustrated by the following list of "fields of

application":

1.
20

(21,p.208)
Production allowances,

Irregular work eycles for the ilndirect and
related production .groups,

Crew operations and long cycles,
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Traffic flow,

Time study,

Determining waliting times in queues,

Establishing identity of peéople,

@ N o U =

Psychologioal suggestion,
9. Sileﬁt watchman? _ _

Even though the time lapse phétography application in
memomotion stuay is re;atively'new, the foregoing illustrdteé.
that‘it is already finding considerable use, As Phillip F..
Ostwald stated, "Memomotion study is dévelopiné into a re-
spected Industrial Engilneering measurement teehnique with
interesting and new variations to the Spectrum of human mea-
surement." |

(21,p.211)
ADVANTAGES OF TIME LAPSE PHOTOGRAPHY

The growth of the memomotion application of time lapse
photography in fthe many and varied industfies:must certainly

be related to the advantages associated with memomotion

studies. These advantages, as discovered by the users of this

. method, lie'chiefly in its utility as an industrial data gath-

ering technigque. The following 1s a composife list of advan-
tages cited by authors who have described the use of time
lapse photography and memomotion study of industrial oper-

ations:




ADVANTAGES

ALL METHODS OF MOTION PICTURE ANALYSIS,..

l’

ADVANTAGES
TO THE USE

5.
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CITED BY MUNDEL AS COMMON TO

(17,p.85)
Permits greater accuracy than stop-watch studies,

when used for time study purposes.
Permits observation in greater detall than floor
studies (fof example, interrelated events can be
recorded more accurately).

(18,p.302)
Provides greater flexibility (than other operation
analysis methods). The record may be reviewed and
analyzed when most convenlent.,
The record 1s positive. Questions concerning
details of the method, work patfefn, crew distfi-
bution, or time values may be settled directly

without having to depend on secondary sources.

CITED BY MUNDEL AS ATTRIBUTABLE :
OF TIME LAPSE PHOTOGRAPHY... o
(17,p.85)

Film cost is reduced (as compared to micromotion

study) .

Cost -of analysis is drastically reduced, in time
and effort (as compared to micromotion study).
Complexity of analysis is likewise reduced.
Special lighting requirements are minimized (or
eliminated) due‘to increased durabion. of film

exposure (as compared to micromotion study).
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ADDITIONAL ADVANTAGES ATTRIBUTED TO TIME
IAPSE PHOTOGRAPHY (OR PHOTOGRAPHIC DATA
GATHERING IN GENERAL)CITED BY OTHER AUTHORS,..

9.

10.

11,

12,

13.

14,

15,

Workers begome indifferent to presence of eamera,
thereby reducing bias resulting from the presence
of an observer.
. (21,p.210)
The "permanent record" feature of films permits
refined analysis by a team of varied experts.’
. (21,p.210)
Memomotion dramatizes bad conditions, particularly
when a high-speed time study projector compresées
extended periods of continuous filming into a
short viewing time. \
- (21,p.210) . , .
"The memomotion camera does not need an attending
Tndustrial Engineér during the filming."
(21,p.210)
To qualify this statement, it is to be recognigzed
that im certain cases, such as where the operation
is continuously moving;_someone must attend to the
camera. He need not, however, be an industrial
engineer,
Effects of method changes on time reguirements and

operator workloads can be easily calculated.

(7,.31)
The film aids in selling supervision on the desir-
ability of method changes.

(7,p.31) .
Memomotion can be adapted to "work sampling" of

repetitive operations through the use of a random
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timer,

- (2’po53)

16. Time lapse photography requires less familiarity
with the operation than other methods of time
study.

(22,p.68)
17. Time lapse photography is less tedious than other

work measurement methods,

(22,p.68)
18. The time lapse method requires no more analysis
than other methods yielding a comparable
' (223p°68) .

degree of accuracy.

The foregoing list essentlally summarizes the advanftages
cited by experienced practitioners who have written on tThe use
of time lapse photography (as applied in memomotion study) for
data gathering in other industries. Many of the ideas were
presented by several authors even though only one author is
referenced for each advantage in this list. The primary in-
tent here is to provide the reader with a single, reasonably
inclusive, listing of favorable characteristics‘related to
time lapse photography as used in memomotion study.

DISADVANTAGES, DIFFICULTIES, AND
LIMITATIONS OF TIME LAPSE PHOTOGRAPHY

Along with the rathar’extensive array of advanﬁages at-
tributed to it, time lapse photegraphy also has its short-
comings. In particular, the disadvantages eited by other
authors inelude:

1. Immobillity of the typical camera and tripod.
(21,p.210)
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2. Limited field of vision.
(21,p.210)

3. Not well adapted to scattered crew operations.

N (29,1);69) )
L4, Not always most efficient means of measuring one-

man production operation. ' Co

o (22,p.68-69)

According the available literature, time lapse phetogs.
raphy is not accompanied by serious shortcomings when it is
used in manufacturing and other industries., Many authors made
no mention of any shovtdomings. Others touch onlylvéry
briefly on problem areas. Even the composite list of the-
previous paragraph can be shortened as will be described here.

The first problem area has been largely eliminated (for

ecertain applications) by portable micromoti@n equipment illus-

trated in Motion and Time Study, Prineiples and Practice by
Mundel. '
(18,p.311)

The second and third problem areas are essentially the
same. A major reason that time lapse photégraphy is nok weli
adapted ﬁ@ scattered crew operations‘is~the fact that the
camera does have a limited field of vision.

Ppéblem areas in the applieation of time lépse photoé-'
raphy to gathering logging eperation data will be treated in
various parts of this dissertation. These problem éreas are
essentially: | i}

‘1, Speeial equipment requirements (chapter IV),
2. Film requirements (éhaptep V) s o
3. Film and operation identification (chapter VIII? B
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4, View obstructions (chapter IX),
5. Environment and operation factors (echapter X),
6. Hazards of data gathering (chapter XV). .
Discussion pf these problem areas will be reserved for the
chapters indicated. - . j
i PRELIMINARY CONGLUSIONS |
Uggs of time 1apse:photography in other-industries, and
the suecess thgreof,,have suggested the possibi;ity ofiapa
plying this novel tech@iqwe to logging. The next chapter
will discuss some early basic considerations'regarding time

lapse photography of logging operations,




CHAPTER III
USEFULNESS OF TIME LAPSE PHOTOGRAPHY
FOR STUDY OF LOGGING OPERATIONS
Chapter'll_provided‘an indicatién of the usefulness of
time lapse photography in establishéd industries other than
logging. From several examples, it is reasonable to conjec-
ture that this data gathering tool may be similarly useful in
the study of logging operations. .Based on the literaﬁure
descripﬁion of applieations in other pertinent industries,
this chapter will present a preliminary evaluation of the
likely usefulness of time lapse photography in the engineéring
analysié of logging operations, | ‘
Clues'to this possible potential value will be sought
through relating present knéwledge of logging operations to
known areas of usefulness and advantages of time lapse photog—
raphy as applied in other industries. As mentioned in Chapter
I, the fundamental logging operations being considered here
are the following: |
1. Felling,
2; Limbing,
3. Bucking,
4, Skidding,
5. Loading.
"AREAS. OF USEFULNESS" IN TINE LAPSE PHOTOGRAPHY .
Areas of usefulness listed for time lapse photography in

'Chapter IT are any of, or any combination of, the follewing




w2l

types of man-machine activities:
| 1. Consisting of long cycles,

2. Containing irregular cycles,

3. Involving crew éctivitieé,

L. Requiring long period studies.
Each area of usefulnesé willl be discussed separately in
relating it to logging operations.
LONG CYCLES

Discussion of long-cyclé studies in the Industrial Engi-

neering Handbook , indicates that a long cycle
(16,p.3,119~120) - .
is one that could last for several shifts. This area of use-

fulness of time lapse photography does not, therefore, appear
applicable to any one of the'logging opérations being con-
sidered here, as the order of magnitude of time required per
cycle is far less, even, than a single shift 1in each case.
IRREGULAR CYCLES

"The irregular cycle is always a time-study problem be-

' cause 1t takes an extremely good recorder to catch all the

elements and keep them clearly segregated for summarizing.®

. (169P°33120)_
Time lapse photography will record irregular cycles with
almost perfect accuracy. It has the added advantage of re-
cording the actual sequence of events for the cycles which
are studied.

Observation of current logging operations indicates that

irregular cycles are common in all of the five operations
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being considered here. To illustrate, iq the felling oper-
ation, the feller may cut a tree that 1ls tangled with anoﬁher
tree, leave that tree (even though it is still standing) and
cut the other tree, causing both to fall at once. It 1s dif-
ficult to make an accurate, instantanéous, on the spot de-
cision as to when the work on“oneAtree is finished and work

on the next has begun. Accurate separation of eycles into
elements may be even more-pérplexing than determining the be-
ginning and end of each cycle.

Felling, limbing, and bucking are sometimes each per- -
formed individually, and at other times are performed in
various séquence combinations., The sequence 1s frequently not
consistent even fof a single éutter_pérforming_a small numbe}
of consecutive operation eycles. Observation of the sequence
for one cycle may not give the observer é religble indication
of the sequence that will oceur the next eycle.

The sequence that a cuttef follows in felling, limbing,
and bucking is sometimes %00 irregular for accurate prediction
of what his next move will be until he has actually made the
move, thus rendering ordinary stop wateh time study of com-’
plete cycles nearly impossible. _

Time lapse film can be analyzed to determine the sequence
of moves, then re;analyzed to establish time values.

Thé skidding operation may be interrupted~to_push over

dead trees (using the skid tracﬁor as a dozer) that the feller
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left standing, thus disrupting the skidding cyclé and making
segregation of elements extremely difficult when using ordi-
nary stop wateh time study. ‘

A typieal interruption that occurs in the loading oper-
ation results when an oceésional log has not been bucked to
?he required length. It is' common %o temporarily stop the
loading operation so the log may be bucked %o proper length,

The prgeéding examples are only samples of the situa-
tions that oceur to make the 1Qgging operations irfegular’o
Numerous other factors, including the 1oggiﬁg,énvironment,
also impinge to make the basic logging bpefatiﬁns ifregﬁiar,
Perhaps this irregularity can be reduced eventually by

standardization of methods (ineluding sequence of events);

hbwever, since the operations are performed in an "irreg-
ular" environment, varied approaches for various situatiens
may eontinue indefinitely. At aﬁy rate, the immediate need
is a means to record current operations.

Considering logging's characteristic irregularity, time
lapse photography appears extremely well suiteé to the study
of the fundamental logging.operation being considered here on
the basis of the second "area of usefulness" (of time lapse
photegraphy), irregular cycles.

CREW ACTIVITIES _
"Studieg.of:group operations probably provide the best

appliecation of memo-motion [ﬁhioh implies the use of time
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lapse photography*] study." Felling, limbing,
(16,p.3,120)
and bucking are normally one man operations; however, skid-

ding and loading are frequently crew operations. Therefore, -

the third area of usefulness, crew activities, isAfrequently
present in the skidding and loading operations.

It is the opinion of the author that when Mundel included
"long period studies" in his list of areas of usefulness,

' (18,p.302)
he was referring to such things.as 'recording picture his-
tories of mefthods and working conditions. The
progress of the improvement of methods of éég%grgi%éggn oper-
ation could be the object of a long period study. This pro-
gress can_be recorded by_means of a series of films even if
the films are nét a;l completely analyzed at the outset.

For purposes of observing and appraisiné the progress of
the logging industry, and pérhaps the eventual contribution
of research to this prdgress, films, including timetlapse,
are suggested as a valuable recording tool. Thus, though this
1s recognized as an opinion, long period studies will be |
included herein as an area of usefulness appropriate to all.
logging‘operatignsv

In summary of the preceding discussion, Table I is pre-

sented to show the logging operations being considered in this

*Author's note within the brackets.
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dissertation as they relate to the "areas of usefulness" of
time lapse photography.
TABLE I

TIME LAPSE PHOTOGRAPHY "AREAS OF USEFULNESS"
FOR SELECTED LOGGING OPERATIONS

ing Operation Load -
Type of Cycle Felling |Limbing |Bucking| Skidding| in
1. Long cycles No No No No No
2. Irregular cycles Yes Yes Yes Yes Yes
3. Crew activities No No No Yes Yes
L4, Long period studies Yes Yes Yes Yes Yes
Potential Time Lapse
Application¥ Yes Yes Yes Yes Yes

¥Referring to page 23 of this dissertation, the areas of use-
fulness are any of, or any combination of, long cycles, irreg-
ular cycles, crew activities, and long period studies.

ADVANTAGES OF TIME LAPSE PHOTOGRAPHY FOR LOGGING

The advantages attributed to time lapse photography in
Chapter II will appear general enough to include the logging
operations. The reader may wish to review that portion of
Chapter II which discusses the advantages to observe for him-
self that they are applicable in the case of logging. Further
discussion of the advantages does not appear justified at this

point.
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DISADVANTAGES OF TIME LAPSE PHOTOGRAPHY FOR LOGGING
_ The disa@vantages of time lapse photography‘cited in
industries other than logging (see Chapter II, pages 20-21)
are each of some concern in at least one part of the logging
system. The list is thereforé'repeated here and then dis-
cussed relative ﬁo the logging operations. Disadvantages

cited by other authors include:

1. Immobility of the typlcal camera and tripod
(21,p 210)
2 Limited field of vision,
(21,p. 210)
3. Not well adapted to scattered crew operations.
- (22,0.69)
4, DNot always most efficient means of measuring

one-man production operation.
- (22,p.68-69)

IMMOBILITY OF CAMERA AND TRIDOD

The first disadvantageé{ immobiiity of fhe typical camers ;
and tripod, is of econcern in virtually'all logging ope:ations
as a logging operation in a "fixed" location is, for all prac-
tical purposeé, non-existent. Even the relatively stationary
loading 6peration will sometimes move one, or more times during
the loading of a single truok—load.‘_The pfqblem is inten-
sified, for example, in felling where the operation location
moves for every tree that is cut

This disadvantage of immobility and its particular sig-
nificance in logging has not been accepted as sufficient rea-

son to disoard’the idea of time lapse phqtography as a data

gathering tool. Instead, efforts are being made to improve
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mobility of the camera and accessories. These efforts will

be discussed in Chapter IV, | \

LIMITED FIELD OF VISION

The limifed field of vision of the time lapse camera‘ber
comes a problem when the available field does not permit %he
entire operation to be photographed with every exposure. The
analyst is subsequently left with no information about opera-
tional factors not included in the picture. This is sometimes
a problem in photographling logging operations because site
characteristics do not always allow placement of the camera
ﬁo include an entire operation in the field of vision. This
problem is expected to be most frequently relevant in the
cases of skidding and loading.

The relativé frequeney of occurrence of situations where
the camera's field of vision is inadequate for logging opera-
tions has not beén established. The limifted field of vision
is hot presently regarded as a serious enough drawback to cur-
tail further investigation of the time lapse camera as a data
gathering tool in the study of logging operations. There is
also a possibllity that lenses wlth a wider view may be avail-
able.

SCATTERED CREW OPERATIQNS
Time lapse photography is not well adappeq to scattered
crew operations. Considering thelbperations of -fel-

(22,p.69)
ling, limbing, bucking, skidding, and 1oading, the author has
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observed that only skidding is frequently_a scattered crew
operation. Loading, when performed as a crew operatlon, does
not ordinarily have a "scattered" crew. The remaining three
are commonly one-man operations. Thus, time lapse photography
with a single camera may not be well adapted to skidding
operations.

ONE-MAN OPEBATIONS ) '

Time 1apse photography is not always the most efficient

means for simple measurement of bne—manrpfoduction operations.

' 7 (22,p.68-69)
As mentioned previously, felling, limbing, and bucking are
all normally one-man operations. This limitétion does not
flatly say that time lapse photography will therefore be in-
appropriate for these three operations. It does, however,
lmply that examination should be made to see if some other
data gathering tool ig more appropriate.

It appears at this point that the drawback of time lapse
photography not always being the most efficient means of
measuring one-man operations may be nullified by:

1. Desirability of a picture history fof work sim-
plification studies.
2. Irregularity of the operations.
3. Small cost of film relative to other costs of
gathering logging data. ‘
4, Advantages of time lapse photography cited in
" Chapter II. | | |
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Therefore, it will not be regarded at this point as sufficient
reason to curtail further investigation of this data gathering
tool for use in the study of one-man logging operations.
CHAPTER SUMMARY

It has Eeen shown that felling, limbing, bucking, skid-
ding, and loading all come within the boundaries of the
"area of usefulness" of time lapse photography. Further, the
advantages of time lapse phptograﬁhy found in other industries
also appear applicable tq the logging operations.

Disadvantages of time lapse photography found in ofther
industries_have been discussed relative'to logging. Others
peculiar to logging are anticlpated. The maghitude of det-
rimental effects cannot be evaluated without field trial.

Field application of time labseﬂphotogfaphy to the'five
operations under consideration in this study will be discussed
in the following chapters. This field application is intended
to provide factual éonclusions, regarding the usefulness of
time lapse photography for lbgging, not possible on the basis

of information presented in this chapter alone.




CHAPTER IV
EQUIPMENT USED IN THIS STUDY
FOR TIME LAPSE PHOTOGRAPHY

The original time lapse photography equipment used in
this study is an adaptation of the Kodak model K-100 single
lens 16mm movie camera. The adaptation was developed by
Meterological Research, inc. of Altadena, California. The
total cost of this prototype equipmeht was épproximaﬁely .
1000 dollars. . |

The'moSE‘significant single feature of this time lapse
adaptation is that the power for the frame interval control
is supplied by a 45 volt "B" battery, thus making the time
lapse equipment a selfjcontained unit. Equipment commonly
used for time lapse photography in othef industries, as de-
scribed by literature on memomotion; requires a 120 volt, 60 .
cycle electric current source.

Logging, unliké many other industrial cperations, is
usually not carried on near a source of 120 volt, 60 cycle
power, Tho importance of a self-contained powef supply for
time lapse equipment used in the study of logging operations
is thus readily apparent.

The original equipment is shown in figure 2;
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Figure 2: Original time lapse equipment, set up and ready for
use, along with the original carrying case. One foot scale in
the photograph 1s to provide size perspective.

Key to numbered items:

Electrical cable

. Clock arm assembly
and clock
Carrying case

One foot scale

1. Camera with attached actuator-
counter

Light meter

Tripod assembly

Intervalometer

Fw
o~ O\
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The intervalometer, item 4, and the ac@éator~counter,
item 1, connected by a ten foot electrical cable, provide the
frame interval control for time lapse photography. The'power
supply for this control, a 45 volt "B" battery, is housed in
the metal box, item 4, containing the intervalometer.

The intervalometer is a timing device that periodically
sends an electriq impulse to the actuator-counter. The time
value of the period from one impulse to the next.1is controlled
by a manually set control knob. The available intervals are
over a continﬁous range from less than one second to slightly
over two minutes. Markings on the intervalometer indicate the
approximate settings'fof the 1 second, 2 second, 5 second,

10 second, 30 second, 60 second, and 120 second intervals.

The actuator-counter is attached directly to the movie
camera. It receives the periodic electrical impulses from the
intervalometer and instantaneously triggers the camera to
expose a single frame éaoh time an impulse is_received.

.The movie camera exposes one frame each time it is trig-
gered by the actuator-counter. Thus, by selecting a time‘in—
terﬁal within the avaiiable'range frqm less than one second
to slightly over two minutes and setting the manual control
knob of the intervalometer aceordingly, the time between suc-
cessive pictures can be set as desired. A change in the in-

terval requires readjustment of the manual control knob.
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LATER ADDITIONS TQ TIME LAPSE EQUIPMENT

Additional_equipment acquired for photographic resesdarch
of 1ogging operations included another oomplete time lapse
camera and accessories. All items were similar to thé_orig—
inal eguipment exqept tﬁat the newer camera 1s equilpped with
turret lens. As a result, it'has three lenses--15mm, 25mm,
and 63mm. The desired lens can be positioned for use almost
instantaneously.

Various other lesser items have been used from time %o
time 1n an attempt to improve the data obtalnable on film.
Included are the following:

1., Titling devices (see Chapter VIII), .
a. Slate and chalk,
b. Cards and mafking devices,
2., Clock illuminator,
3. Pack frames.
Items 2 and 3 will be discussed further in later parts of this
chapter. | |
”PH¥§IGAL CHARACTERISTICS

Selected physiéal characteristics of the cameras and
accessory equipment are described here..- The last section in
this chapter, "recommended modification areas," will illus-
trate the significance of these characteristics.

PHYSICAL .CHARACTERISTICS AFFECTING MOBILITY

Weight 1s the first physical characteristic ineluded
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because it 1s easily measured and because it 1is an important
consideration in the selection or development of man-carried
mobile equipment. Table II lists itemized weights of cameras
and accessories for the single lens outfit and for the turret
lens outfit, respectively.
TABLE II
CAMERA AND ACCESSORY WEIGHTS

Single lens outfit Turret lens outfit

ITEM WEIGHT
Camera with attached
actuator-counter 6.53 1bs. 7 .30 1b8
Light meter 0.45 1bs, 0.45 1bs.
Tripod assembly 4,45 1bs. 4,19 1bs.
Intervalometer 5.50 1bs. 5.44 1bs.
Cable, 10 feet 05 37 '1bs:, ON85 1 hak
Clock arm assembly
and clock 1.75 1lbs. 1.74 1bs.
Titling pencil and
(20) cards 0.08 1bs. 0.08 1bs.
Film, per 100 foot
roll 0.43 1bs. 0.43 1bs,
Carrying case 14.35 1lbs. 14,54 1bs.
Total 33.91 1bs., 34.52 1bs.

Bulk 1s another important consideration in man-carried
mobile equipment. As an illustration, the author submits that

a fifty pound sack of flour 1is more easily carried than a
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fifty pound sack of loosely packed feathers. Rather than in-
cluding herein dimensional drawings of the—equipment, the
reader is directed to the photograph on page 34 for visual
illustration of the bulk of the various items.

A ﬁhird factor affecting mobllity 1is the awkwardness of
’cpe'equipment° Awkwardness results from suéh things as too
many items (1ndividual pieces) to be handled, poor balanece or
shape, excessive size or weight, ahd details”of qomponent
adjustments. Although it is diffieult to place a numerical
value on awkwardness, one of several possible alternatives can
usually be seleeted to minimize awkwardness., Experience in
‘handling,a particular type of equipmént is an aid in this’
selectlon. . '

The time lapse equipment used in this study is belleved
_ to have factors of awkwardness‘whieh can be reduced in magni-
tude. Specifie illustrations are included, beginning on |
page 51.

PHYSTCAL CHARACTERISTICS - OPERATIONAL LIMITS

Certain operational 1limits of the cameras and accessories
are included here since they affect the application of cameras
to data gathering;j Included are the following:

1. Frame intervals available and(corresponding ex-
posure times,
2. f/stop-settings, as marked én lenses,

3. Selected depths of field,
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4, Field of view, each lens,
5. Parallax, " |
6. Time limits of operation recording.
1. Frame intervals:
The frame intervals available fit into two classifica-
tions:. those available with the camera alone (time lapse
. equipment disconneqted), and those additional intervals availl-
able as a result of the time lapse adaptation. (It should be
mentioned that other intervals are‘bossible by means of hand
triggering single frames but that this method seldom has prac-
tical application for preéently accepted work measurement
mefhods.)
Exposure times depend upon the frame interval selected.
The five intervals marked on -the camera (time lapse equipment

disconnected) and the corresponding exposure times are as

follows:
Frame interval Exposure time

(seconds) (seconds)
1/64 | 1/140
1;48 1/100
1/32 1/70
1/24 - 1/50
1/16 | - 1/35

The exposure time is 1/20 of a second for all of the frame
intervals added as a result of the time lapse adaptation.

Available frame intervals resulting from the time lapse
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adaptation are in a continuous range from less than one
second to slightly over two minutes.
2. f/stop:

Each lens on the camera used in this study has an adjust-
able lens opening. Avallable lens openings, along with expo-
sure times and light conditions, are important criteria in
film selection.

The amount of lens opening is calibrated over a range
of f/stop values. Particular f/stop values are marked on each
lens. Marked f/stop values for each lens are listed in Table
III. (The 15mm lens of the single lens camera is identical

to the 15mm lens mounted on the turret camera.)

TABLE III
LENS OPENINGS AS MARKED ON EACH LENS*

LENS OPENING LENS
15mm 25mm 6 3mm

1.9 ;i
2 X

2.5 X

2.8 X X X
4 X X X
5.6 X X X
8 X X X
1L X X X
16 X X X
22 X X X

*This table is a check list of the f/stop settings marked on
each lens of the two cameras used in this study. Only the
15mm lens 1is mounted on the single lens camera; all three are
mounted on the turret camera.
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3. Selected depths of field:

For any given lens opening there is a range of subject-
to-film distanees over which the camera is properly in focus.
The 15mm lenses on both eameras and the 63mm lens on the
turret camera have markings to indicate the range over which
the eamera is in focus for various lens opeénings and focus
settings. The 26mm lens on the turret camera does not have
such markings.

The available depth of field becomes significant when
close objects and distant objects are to be photographed at
the same time. (An important example is when the clock is %o
be photographed concurrently with a logging operation in order

to record time values along with other details of the opera-

tion.)

In addition, 1f the available depth of field is great
enough, the lens may be used as a "fixed focus" lens. To
illustrate, in a particular case of the 15mm lenses used in

this study, "the camera can be used as a 'fixed focus camera'

if the focusing ring is set at six feet and a lens opening

of £/5.6 or smallerl is used. When the lens is adjusted in

this way, subjeets from approximately tliree feet and beyond

.will be sharp."

(14,p.6)

1 As lens- openings become smaller, corresponding f
numbers become larger.
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The value of a fixed focus camera for filming of logging
operations lies in the simplification of camera operation that
results when the focus can be set iﬁ ohe position and does not
need to.behreadjusted,

Available depths of fileld are referred to later in thils
chapter on page 50 and again on page 56. |
4. Field of view, each lens:

Tﬁe field of view éncompaséed.by the camera depends upon
the lens sglected and upon the film—to—subject distance. -
These relationships are illustrated for a gilven lens and
film-to-subject distance in figure 3.’ _

Figure L graphically illustrates the relationéhip of

camera-to-subject distance, lens used, aﬁd field of view size

‘available with each of the three ‘lenses used in this study.

5. Parallax: _

The viewfinder and the picture taking lens are separated
on the two camerés used‘in this study. They do not, there-
fore, cover precisely the same area. This condition is‘knowﬂ
as parallax.

The apparent effect of parallax 15 the greatést“for short
film-to-subject distances. Assumiﬁg the viewfinder and the
pleture taking lens are exactly parallel, the area covered by
the viewfinder is offsetvfrom the area covered by the pieture-
taking lens by the same amount regardless -of the film-to-

subject distance. But the apparent effect of, say, one inch




s

Lok

5!

A

g

Dimensions are based on reference 14,
page 7.
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Figure 3: This shows the relationship of field size to lens
selected and film-to-subject distance using a 15mm lens at a
distance of 5 feet.




FIELD WIDTH OR HEIGHT (FEET)

100

90

80

70

60

4ot

30}

20

10

Field width
Field height

Pt

fz A

L~

3 15mm Lem%////

o] /////// - ‘,/’///
2%mm Lens | _—
el /
/,
//:/ // // § REDeE
e TP e e O e
e et Pmm Lens
&
T
10 20 30 o o 5) 7 3 9 10 11 12 1A
DISTANCE, FILM-TO-SUBJECT (FEET)
Figure 4: Fields of view for three lenses used in this study.
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horizontal offset is much greater for a fﬁeld of view one
foot wide than it is for a field of view twenty feet wide.

For the cameras used in this study the actual area
photographed is offset approximately 1.2 inches to the ieft
and 0.8 inches down from the area indicated by the view-
finder. The effect of pafallax using the 15mm lens and at
a film-to-subject distance of 2.25 feet is illustrated by
figure 5.

6. Time limits of operation recording:

Continuous recording of aﬁ operation for an unlimited
period of time is not possible with a single camera of the
type used .in this study. There i1s an interruptibn each time
a new roll of film is installed in the cé.mera° Also, for
short? frame intervals;-winding of the camera is a source of
interruption.

The film capacity of the cameras used in this study is

limited to one hundred feet. The spring motor has capacity

to drive the camera to expose forty feet of film before it

requires rewinding.

2 A "short" frame interval, in the sense used here;
is one whieh will not permit the camera to be rewound be-
tween successive exposures. Intervals of less than 2
seconds will generally fall into this classification.
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Figure 5: This shows the effect of parallax at a film-to-
subject distance of 2.25 feet using the 15mm lens.
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16mm film has forty frames per foot, Therefore, there
are about 4000 frames available for operation recording in a
one hundred foot roll of film. Winding of the camera to full

spring capacity,permits approximately 1600 frames.to be ex~-

posed before rewinding is required. This information of the
frames available between interruptions, together with know- |
ledge of the frame iﬁterval to'be used, determines the length
of time that an operatiqn can be recorded without interruption

for film replacement or winding of the spring.. Avallable

recording times for forty feet and one hundred feet of 16mm_

film are presented in table IV for selected frame intervals.
Some of the information ihcluded in this chaptef on
physical characteristics of equipment may at this time appear‘
to be mere details. Little attempé has been made, up to this
point, to justify its inclusion. These detalls of the. physi-
cal chavracteristics will be -referred to in various-arguments
presented later in the thesis. It is for the benefit .of

these arguments and for gquick reference by future users of

photographic study of logging that this material 1s compiled.

~ The equipment in its original form has shortcomings when
applied to the épecific task of recording operational data of
logging. Certain modificatlons, as described in the next
section, are recommended to permit more effective use of the.

camera..
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TABLE IV
AVATIIABLE RECORDING TIMES, 16mm FILM

Recording Period
Frame Interval
(seconds) 4O feet of film 100 feet of film
1/64 25 sec 1l min 2 sec
1/48 33 sec 1 min 23 sec
1/32 50 sec 2 min 5 sec
1/24 l min 7 sec 2 min 47 sec
1/16 1 min 40 sec 4 min 10 sec
;| 26 min 40 sec 1l hr 6 min 40 sec
2 53 min 20 sec 2 hr 13 min 20 seo
5 2 hr 13 min 20 sec 5 hr 33 min 20 sec
10 4 hr 26 min 40 sec | 11 hr 6 min 40 sec
30 13 hr 20 min 33 hr 20 min
60 26 hr 40 min 66 hr 40 min
120 53 hr. 20 min 133 'hpai20 'min

RECOMMENDED EQUIPMENT MODIFICATIONS3

Improvements recommended for time lapse cameras and

equipment, more or less in order of priority based on the

author's experience, can be generalized as they appear on

the followl

ng page:

3 Some of the modifications recommended here are being

made concurrently with the preparation of this thesis.

Appen-

dix I describes modifications that have been made prior to

December 30

s 1965,
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1. Any improvgments to maximize probability of actu-
‘ally recording required data,
Simplify camera and equipment operation,
Reduce awkwardness,

Reduce bulk,

2
3
i
5. Reduce weight,
6. Improve flexibility,
T Extend_operational limits,
8. Improve resigtanée to weather conditions,
9. dImprove durability and ruggedness. |
1. Any improvements...:

Ttem number one, "any improvements to maximize probabil—
ity of actually recprding reqﬁired dgté;“ in a éense inciudeé
the other eight items. It may also include areas for iﬁprdve—
'mént‘that have not occurred to the author. It 1s the author'sl
intent that the list should serve as a guide for future im;:‘
provements and that item one encourage the reader to think in.
térms of the eight remaining listed items plus others that he
may concelve,

"2, Simplify camera and equipment operation:

There are many steps that are necessary in order to také
satisfactory pilctures with the movie camera. These stéps are
not-particularly diffieult if l);the phétographer_has ample
time, 2) light conditions and subject;to;cameraxdistances are

essentially constant, and 3) there are no hazards to 1life and
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1imb that require watching., |
‘_Data gathering in logging operations frequently must
operate outside of these three restrictions. .Felliné is a
prime example in.which-the phofographor is kept on the move
much of the time; light conditions énd subject;to—camera'
distances change frequently; and serious hazards do exist.

Suggested improvements to simplify camera and equipment
operation include an automatic exposure control and a "fixed
focus"-lens.,l1l
3.. Reduce awkwardness;

Awkwardness was diocussed eaflier In this chapter in the
section titled "Physical Characteristies Affecting Mobility."
From that discussion it follows that awkwardness can Be re-
duced by the following approaches taken singly or in various
combingtions:

a., Minimize number of individual pileces,
b. Improye balance, |
c. Improye shape,

d. Optimize size,

b A "fixed focus" lens is one which permits a single,
focus setting for all antlcipated conditions of lens opening
and subject-to-camera distance. ~This condition is sometimes
possible due to the available depth of field, A lens that -
may be locked in any selected fixed focus position would be
‘highly desirable.
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Minimize weight,

Eliminate, automate, or simplify adjustments..

Some specific examples of awkwardness of the original

time. lapse equipment used in this study are the following:

a.

Thirty-four pound suitcase (loaded weilght) for
carrying equipment to logging site is a heavy
load poorly distributed on the carrier for woods.
travel. (See figure 6, page 52.) .
ﬁssential time lapse picture taking equipment is
héavy, has long projecting clock ar@, many joihts
éﬁd'adjustments,‘and large seﬁaraté interval con-
trol box. . _ A |
Interval control is easily jostled to position
other than the selected one.

foéus is easily thrown out'of adjustment when
setting lens opening.

Determination of proper lens opening is too in;‘
volved to properly follow frequently 1ight
changes.

Best setting of clock arm is not readily obvious

“{due to parallax).

The reader may refer to Appendix I for improvements to

reduce awkwardness that have been made prior to December 30, .

1965.
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Figure 6: Photograph of man carrying 34 pound suitcase loaded
welght for transportation of equipment to logging site.
4, Reduce bulk:

Bulk, of course, refers to the physical size of equip-
ment. The meaning of bulk reduction is obvious. The means
of accomplishment frequently are not.
5. Reduce weight:

Time lapse equlipment almost invariably must be carried

if it 1s to be used in recording logging operations data.




-53-
The distance it must be carried will vary with each operation
studied. It may be only several feet, or it may be a mile or
more. It may only be moved to a single vantage point and set
up to follow a relatively stationary operation, or it may
regquire almost continuous moving to follow operations that
change locatioﬁ frequently.

Carrying begins-wherevér it beéomes unreasonable to
travel further with the vehicle used on a data gathering trip
and cbntinues to the site of the operation. Depending on the
operation, further carrying may be necessary while the opera-
tioﬁ is being recorded. After the operaéion is recorded, the
equipment must be carried back to the vehicle. |

As implied, carrying begins when the road becomes impass-
able or non-existent. Glimbing up and down‘steep mounfaihr
sides, crossing down timber, and passing through‘br‘around
various forms of undergrowth are commonly necessary.if useful
plctures are to be taken. Ground surface and log surfaces are
often slippery and uneven. To say the least, walking condi-
tions encountered are seldom ideal.

Anyone experienced in hiking With‘a load under adverse
conditions_will qu?ckly recognize the need to miﬁimizé the
load. It is to this end that the recommended improvement
"reduce weight" is directed. Equipment weights listed on
page ‘37 may be used és,a‘referenée'(it should be revised as

weight reductions are contrived) for determining if new
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concepts do result iﬁ reduced weight.
6. Improve flexibility: .

The ideal in flexibility would be a single camera set-up
that was best for recording all types of film data under all
conditions encountéred_fqr all iogging operations. It 1s not
known now how closely this ideal can be approached, even if
cost were ﬁo consideration. |
7. Extend operational limits:

The camera and equipment impose operafional limits such
as footage available on a roll 6f film, camera spring capac-

ify, battery life (intervalometer power supply), fields of

view, and others. Such factors place.limits on data gathering

capabilities of the camera. When fthese limits are too re-
strietive, either the data requirements must be revised, or
camera and equipment modificatlons become necessary.,

8. Improve resistance to weather conditigns:

If data is té be gathered under all weather conditions
that permit logging operations tp continue, it may be.nec-
essary to provide moisture protection and improve the_co%d
weather‘operation'of the equipment. (The major cold weather
problem noted to date is a significant reduction in dry-cell
battery life.)

9. Improve durability and rgggednéss:
The ecamera and equipment are in conmstant danger-of being

dropped or bumped against the various objects to be found in
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a logging environment (logs, trees,'rocks, ground, etc.), and
less frequently afe‘in danger of being struck by falling and
flying objects. The camera and equipment must be rugged
enough to take the abuse to which it will be subjected, or
else allowances must be made for extensive damages that are
likely to occur in time.
A CLOSING NQTE ON EQUIPMENT MODIFICATIONS{

Changes that result in improvements to time lapse cameras
and equipment considering certain measures 6f utility are
sometimes accompanied by unfavorable effects when other mea-
sures are considefed, For example, using a smaller battery _
in the intervalometer can result in reduced weiéht and reduced
bulk, but it will also tighten operational limits due to its
shorter 1life. When changes are contemplated, all of the
resultant effects should be considered and balanced against
each other. |

CASE STUDY: A MODIFICATION RECOMMENDATION
Proposed modificationi_ eliminate the_clock

The clock arm assembly and clock contribute to time lapse
equipment awkwardness, bulk, weight, and limitation of_flex—
ibilityq Although the elock's intended purpose is to present
time values. to be recorded on film, the pictures of the elock
are not dependable.

‘The success of recording time values on film‘depends upon

clock illumination, focus setting of the camera lens, and
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positions of the clock. It should also be noted that when
the clock is photographed, regardless of success, the field
of view avallable for operation recording is reduced.
CLOCK ILLUMINATION:

If the clock is shaded and the operation to be recorded
is not shaded, a photograph of the clock face may not be
clear enough to be read (assuming, of course, that exposure
is set to properly photograph the operation). This has
occurred several times in the author's experience.

FOCUS SETEING OF CAMERA LENS:

‘ Proper focusing of both clock and operation requires an
adequate depth of field. Ah adequate depth of field is not
always available. In the case of the time lapse equipment
being studied, the clock face is 2.25 feet from the film
plane of the camera. Table V is a chart of the maximum dis-
tances in focus when the minimum distance in focus is 2.25
feet. These values are given for the three lenses avallable
to this study for several lens openings.,

The lens and the camera-to-subject distance establish
the fleld size. Using the maximum distance in focus when the
minimum distance in focus is 2.25 feet, the corresponding
maximum field size in focus can be determined. Table VI shows
the maximum field sizes in focus when the minimum distance in
focus is 2.25 feet for several possible lens openings of each

of the three lenses used in this study.
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TABLE V
MAXIMUM DISTANCE IN FOCUS (FEET)
WHEN THE MINIMUM DISTANCE IN FOCUS IS 2.25 FEET*

Lens

Opening 15mm Lens 25mm Lens 63mm Lens
1.9 < o
2 3
2.5 <y <
2.8 <4 <4 <3
Y <8 g 43
5.6 13 {4 <3
8 > 104 {5 L3
b i o <8 £3
16 o0 L1S {3

22 oo o0 £:3

¥Maximum distance in focus when the clock, at a distance of
2.25 feet, 1s the minimum distance in focus., Values in the
table are based on references 14,p.8-10 (15mm); 15,p.22-26
(25mm); and 12,p.10-13 (63mm).

TABLE VI
MAXIMUM FIELD SIZE IN FOCUS
WHEN THE MINIMUM DISTANCE IN FOCUS IS 2.25 FEET#*

Lens 15mm Lens 25mm Lens ©3mm Lens
Opening width'x height'| width'x height' | width'x height'
3 <2 x 2
2 ¢l X 1
2.5 3 % @
2.8 (3 x 2 (Rox 8 {1 x1
b {6 x 4 {2 x 2 o . |
5.6 £9x 7T (R x 2 P
8 »70 x 50 ¢f xa €1 %"
11 S0 U4 x 3 £l -x)
16 oo T x5 €1 x1
22 o0 oo 41 x %

*Maximum field size in focus when the clock, at a distance of
2.25 feet, is the minimum distance in focus.
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The information in Table VI suggests the "in focus" field

size available when the clock is in focus will be ihadequate
for logging study at most_lenslopenings of thé 25mm and 63mm
lenses, The fileld size aVailable.With the 15mm lens will
seldom be adequate at lens openings of /2.5, 2.8, and 4;
occassionally adequate at £/5.6; and generally adequate at
£/8, 11, 16, and 22. |

Proper focusing is thus found to be impossible for”prac;
tical application of the 25mm and 63mm lenses and possible
for only bart of the lens opening rahge of the 15mm lens,.
POSITION OF THE CLOCK: | B |

To be photographed, the clock hust be within the field
of view of the qamefa%s pieture taking lens? ’It should not,
however, be positioned any closer to the center of the picture
than 1s necessary. This is because the clock eliminates part
of the field of view available for recording details of the
operation, and it is desirable to minimize the area blocked
by the clock, This reasoning is illustrated in figure 7 for
a 15mm lens. _

'_The eloek, whenApPoperly positioned (i.e. in the lowest
position which will permit the entife clock to be photo- -
graphed), blocks the center strip of the field of view from
the bottom up to approximately twenty-five percent of the
total -field of view height. It is possible, by improper

adjustment, to block the senter strip'as‘much as forty-five




_59_

Boundaries of total field of view

The shaded area is the
portion of the field of
view blocked by a prop-
erly positioned clock

(with a 15mm’®

W

The total shaded area is the
portion of the field of view
that can be blocked when the
clock 1s not properly posi-
tioned (with a 15mm lens)\

W)

‘ th
A

Figure 7: This shows the portion of the field of view that is
blocked when the clock is properly and improperly positioned.
This field of view 1is available with a 15mm lens.
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percent of the total field of view height. Blocking more than
45% is not possible due to adjustment travel limitations of
the clock arm. (The figures in this paragraph assume use of
the 15mm lens.)

The portion of the field of view required by a properly
positioned clock is larger for the 25mm lens than for the 15mm
lens, and in the case of the 63mm lens the clock takes almost
the entire field of view. Portions of the field of view re-
quired for .the clock when properly positioned are illustrated
in figure 8. |
SUMMARY‘OF;EAQTQRS AFFECTING PICTURES OF CLOCK:

The factors affecting success of recording time values
when pictures are concurrently taken of the clock and opera-
tion, and conclusions pertinent to these factors are summa-
rized in Table VII. The information is based on the use of
the camera and clock available for this study.

AN ALTERNATIVE TO THE CLOCK: '
Time lapsé pictures for memomotion study commonly do.not
include a clock image. Time values related to the
(18,p.303) /
operation are instead ascertained through the use of frame_
1ntervals of a constant, known time wvalue. .Any desired
elapsed time is then determined by c@ﬁnting frames and mul-
tiplying by the appropriate.time per frame,
- Sincé the intervalometer used in tﬁis study has a con-

tinuous range of time values, and accidental change of the
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Figure 8: Shown above are the portions of the available field
of view required by the clock (shaded area) for each lens used
in this study.




TABLE VII

SUMMARY OF FACTORS AFFECTING CLOCK SUCCESS

Lens Size
Factors affecting
pictures of clock
and operation

15mm

25mm

63mm

Illumination of clock

Not dependable

Not dependable

Not dependable

Proper focus for clock
and operation

Possible for lens
openings of f/8-22

Impossible for
most known

Impossible for
known appli-

rently known applications
in logging study)

but not dependable

situations cations
Clock position Requires careful Requires careful| No acceptable
attention attention position
Portion* of field of
view required by clock 4.67% 13.2% 78%
Clock evaluation (cur- Sometimes usable Useless Useless

*This is the percentage of the area of view required by the clock. The detri-
mental effect is greater than this figure indicates due to the position of the

clock.

_89_
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interval contfol is difficult to avoid, modification of the
control is recommended to provide assurance that the frame
inferval will be easily maintained.constant at the desired
time value. Such a control, for example, coﬁld be acﬁieved
by using a constant speed motor'with a sueccession of pre-
determined film drive speeds.obtained through a combination:
of gears.
CONCLUSIONS OF THE CASE STUDY: ) o

I. Cloqk inadequate for intended purpose.

2. Glock and ‘arm detrimental to mobility,

3. Constant value fréme interval of known value will
record elapsed tilmes more effectively under
typical logging conditions. |

RECOMMENDATIONS‘BASED ON CASE STUDY:

1. Modify intervalometer to provide kngwn, cbnsfant

frame interﬁalef desired valﬁe.

2. Eliminate cloek and clock arm.
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FIIM CONSIDERATIONS: THE MOVIE CAMERA
THE LOGGING WORKPLACE

The usual logglng operations take place outdoors, during
the hours of daylight.  Under these conditions natural'lightq
i1s normally gufficient to permit plctures to be taken without
use of artifieial light. | |

Intensity of the natural lighte though sufficient in it-
self for the taklng of pictures, covers a wide range., Large
and frequent variation 1s most‘commonly caused by cloud move-
ment and movement of'the'operation. |

Camera-to-subject distances, like light intensitiles, are
subject to variation. This variation is usually the result of
movemént of the operatién; but sSometimes it occurs when the
operafion stays in a particular location, and the cameralis
moved. Moving away from potentiallextreme hazard areas- or
to better vantage points are commoh reasons for moving the
camera when the operation is stationary.

In addition to variation of camera-to-subject distances,
circumstances may require a range of camera-toAsubJect'dis-
tances to be simultaneously in focus. For example, pictures
have been taken where a clock at a distance of 2.25 feet is
photographed simultaneously with a loading operation. The
~. camera td loading operation distance depends, of course, on
the operation itself, the terrain, and the obstructions.

Considering a possible siftuation requiring a broadside view
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of the log-caPPYing portion of the-truek'and trailer (assume
thirty-five feet, which allows for thirty three-foot logs
plus two feet of lengthwise scatter) plus space between the
log load and loader (say ten feet) plus the loader itself
(assume fifteen feet) we could expect a total fileld of view
requirement of sixty feét. With a 1l5mm lens, the camera-
to-loading opefation distaﬁee would need to be at least one
hundred feef, Thus, in this case, depth of field require-
ments would call for camera-to—subject distances of 2.25
feet and one hundred feet to be simultaneously in focus.
Focal distance requirements must be considered in film

Selection because fiim speed. is oné of'the:factorslwhich
establishes the available depth of field. That is

depth of field variles with lens openidg;

lens opening varies with film Speed;
therefore

depth of field varies with film speed.

It is important to note that changes in light in-

teﬁsity and oamera;to-subjéct distances occur quickly and
’may oceur frequently. Experience on the/part of the
author indicates that these changes create the ﬁost serious
problems in malntaining continuous proper adjustment of the

camera during filming of an operation.
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THE NOVICE PHOTOGRAPHER: TYPICAL DATA GATHERER

The people who have gathered data in connection with this
study have had, at best, very limited experience with movie -
and time lapse photography. 'Some,-including the author, had
no previous experience. This means that 1igﬁt measurements
and camera adjustments are not second ngture to the typical
data‘gatherer. Simplest possible measurement techniques and
camera adjustments and maximum possible margin for error are
desirable.

THE CAMERAS USEb IN THIS STUDY
'For proper film exposure, the cameras used in this
study require two gdjustments to mateh film, light condi;
tionsf6gnd camera-to-subject distances. These ad justments
are the lens opening and the focus. 'Bbth are set manually.
_ REQUIREMENTS OF THE FINISHED FILM

Films intended only for the recording of specific data
will be acceptab}é if this data is visible on a projection of
the finished film. Deviations from correct exposure and focus
can be to;eratgd if these deviations are not large enough to
obscure the required data.

Films intended for presentation of i1ldeas and. recommen-
dations may require more accurate exposdre than films intended
only for recording_speoific data. The intended audlence and
desifed~film impact shou;d be considered in establishing

finished film quality requirements.
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From the engineer's point of view, the information re-
corded on a film is of far greater importance than the‘artis—
tic quality. This applies regardless of whether film is in-
tended strictly as a dabta record or for both a record and
presentation of ideas and recommendations.

N DESIRED FILM CHARACTERISTICS

;1) Films for logging - study sheuld provide good detall B
and contrast, 2) Wide exposure latitude is-desired to allow
some toleranoe 1n exposure setting. -3) Duplication should
be possible with 1little or no 1oss of detaill or cecontrast.

THE CONCEPT OF ONE ALL PURPOSE: FILM

One all-purpose film for photography of. logging opera-
tions is desirable from the"standpoint of simplifying data
gathering techniques. Disadvantages do not appear too crit-
ical on the basis of experience; however, no detailed-eval-
uagtion of possible disadvantages.has been attempted to date.

Some advantages of using one film for all logging studies
are the following: ‘

l. Simplifies photographer training,

2. Avoids confusion as to what film is in camera,

3. Photographer can more readily beecome proficient
with proper exposure,

4, Light meter scales could conceivably be marked to
show proper lens openings directly for all time

lapse photography,
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5. Avoids confusion when exposed films .are delivered
for processing,

6. Miniﬁizes'film inventory requirements.

FILM SELECTION

Selection of the best fiim for all around use or selec-
tion of several films to best match each situation encoun-
tered in the study'of logging opgrations are ‘each beyond the
scope of this study. Instead, films used to date haﬁe been
‘somewhat arbitrarily selected based upén avallable recommen-
dations from the manufacturer.

The.decisipn to avoid a more intense approach to film
selection at this time is»based on ﬁhe following;

1. Films presently in use are adequate for current
needs, | -

2. Required magnitude of a study that could yield
conclusive results due to a) large number of films
available, b) wide variations of filming condi-
tions, and ¢) factors other than film affecting
end results of photography.

The 1list which follows gives some factors that need to
be considefed when film 1is ‘selected:

1. Conditiqné film 1s designed for,

2, Anticipated,field conditions,

3. Film speed,

Iy

. - Grain size,
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Exposure latitude,
Availablity of fiim,
Developing pime,

Clarity of developed film,

W m ~N O WU

Duplieating quality,
10. Filter requipemen@s,
11. Color or black and whlte,

_ 12. Film and developing cost.

Useful comparisons.for reasonably intelligent choice can
be made for most of the factors to be considered when film is
selected even without .iritensive research. This is the ap-
proach that has been used in this-study.

Films that have been used with acceptable results for
current needs are the following: ‘

1. Kodachrome II (color),

2. Ectachrome ER (color), 4
3. Kodak Plus X (black and white),
b, Agfaehrome'(color),

5. Anscochrome (color), _ A
All are'outdoor daylight films. Other films may be acceptable

but have not yet been tried in this study.




CHAPTER VI
ESTABLISHING TIME ILAPSE INTERVALS

Motion plctures are taken at u@%ually slow speeds for
time lapse photography--but howlslow? According to the erig—i
inator of memomotion study, "Sixty frames per minute (one per
second) and one hundred frames per minute are the speeds most
commonly used." Literature and experience indicate other
speeds can also be successfully used.

_ Many authors have indicated the 1engths_of frame inter-
vals they have used for time lapse phd’cography° A. A. Timmins

discusses the selection of frame intervals when he says,
(23,p.814)
.a Bultable frame interval must be selected.
This depends on the information required and 1s
influenced by:

"Amount of detail required--In general the
greater the interval between pictures the less the
detall picked up.

' "Cycle time of the work being examined--If the
different parts of the task occupy short periods of
time, short intervals between frames become desir-
able. ' '

"Accukacy of the time measurement required--
This 1s related to the work cycle time but short
intervals of half a second obviously record to
greater accuracy than four second 1intervals.

" "Floor are to be covered by the examination--
If it is necessary to film at some distance from
the work place, very short intervals are generally
unprofitable beeause the defaill 1s naturally poorer
than in 'close up' situations. In such studies the
broad pattern of movement is “usually more important
than detail."

Frame intervals used or suggested for use in other in-
dustries where time lapse photography has been epplied are

discussed in the next seection. Each of these intervals is
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presented separately starting with The shortest interval and
proceeding to the longest.
~ INTERVALS USED IN OTHER INDUSTRIES

Several different frame iptervals have been used or
suggesﬁed for use_in other industries. The following inter-
vals have been cited by other authors as being useful for
work analysis:

.002 minutes,

.12 seconds
. 125 seconds,
seconds,
seconds = .01 minutes,

second,

seconds = .02 minutes,

Seconds, '
seconds = .04 minutes,

seconds, :

Seconds,

00 F=10 PO 1
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Discussion of each of these frame intervals follows.
.12 SECONDS:

This frame interval 1s equivalent to 500 frames per min-
ute. It can be used where slightly more detall than that
obtained at one frame per second or 100 frames per minute is
needed.

(4,8ec.13,p.9)
.125 SECONDS:

This frame interval is equivalent to 8 frames per seéond_
or 480 per minute, Like-BOO.frameslper minuté-(frame-interval
of .12 seconds)- it can be used where slightly more detail than

that obtained at one frame per §econd'or:100 frames per minute

is needed. It has no particular advantage
4,5ec.18,p.9) '
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except that it uées 50% as much film as required by usual
(16 frame per second) photography.

.5 SECONDS:

This frame interval is equivalent to 2 frames per second.
Half-second frame intervals have ‘been used in a technique
whére the camera is operated . intermittently. The camera, by
this ftechnique, is operated at half-second intervals to record
2 or 3 cyeles. It is then stopped for a random period of
time. This operation of the camera'at half-second frame in-
tervals and then stopping the camera for.a random period of
time is then repeated for whatever number of times the film
will permit. This procedure could be "work

(23,p.818)
sampling" at its best.
.6 SECONDS (OR_,Ol MINUTES) :

This_frame interval is equivalent to 109 frames per min-
ute. It is one of the two most cdmmonly used speeds.

(18,p.301)
"The speed of one-hundred frames per minute allows the timing
of any element with the same preqision as the decimal minute
stop watch." In describing the accuraey of one-

(19,p.196) ‘

hundred frames per minute L. C. Dick says, "This provides
great enough accuraey in developing standard data for most of
our operations, when you consider that 1t isAdifficult for an

experienced time study engineer to read a stop watech and - .

accurately reeord time values smaller than 0.03 to 0.04 min-

ute."(7,p.29)
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1.0 SECOND:

"A one-seeqnd frame interval (or a speed of one frame per
second) appeared in more of the references cited in this study
than any other memomotion interval. Mundel ealls 1t one of
the.two mostﬂcommonly used s8peeds. Niebel has stan-

dardized on this speed.

: (19,p.196) A
Aeoording to Niebel, one frame per second gives measure-
~ment of elapsed elements with adequate precision for estabQ

lishing standards and still gives siénifioant eeonomy over

regular camera speeds.
(19,p,196) ‘

1.2 SECONDS (OR .02 MINUTES):
‘This frame interval 1s equivalent te 50 frames per min-

ute orlzo times the usual micromotion film intervalT It has

) ) ‘ (2:p;53)
operated at randomly spaced times, and each time 20 to 25

been gsgd in a form of work sampling. The camera was
frames were exposed at a .02 minute iﬁterval, \Ohly the tenth
frame was used from each bursﬁ, The extra frames helped to
define the control frame. The camera was controlled by a
program timer set up to turn the ecamera on at random times.
2.0 SECONDS:

This interval has been recommended for use, "When the
interest lies chiefly in the incidence of non-periodic occﬁr-
rences or inm the broéder aspeets such as machine utilization,

rather than sequence detail...."

(23,p.815)
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2.4 SECONDS (OR .04 MINUTES):

This frame interval would be used much the same as a‘
frame interval of twp seconds., The major diffefence is that
time value calculations can more readily be made in terms of

minutes using this interval.
4.0 SECONDS:

Again, as was the case With the two-second interval, the
four-second interval has been recpmmended for use, "When the
interest lies chiefly in the incidence of non-periodic occur-

rences or in the broader aspects such as machine utilization,

1"

(23,p.815)
the two-second interval is real, but it is worth noting that,

rather than sequence detall.... The advantage of
"When projected at 16 frames per second even the four-second
interval pictures show sufficient continuity to‘yiéld useful
information."

(23,p.814)
8.0 SECONDS :

An eight-second interval has been used to study delays
of industrial trucks in congested areas. The elight-second
inferval permitted an eight-hour study to be made using only
100 feet of film.

: (20,p.76) .

Ten different frame intervals have been found in liter-
ature examined by the author describing use of time lapse
photography in industries other than logging. Based on these
references figure 9 -summarizes the-usage and "suggested for

"

use’ frequenciles feor each frame interval.
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Each HEAVY BLACK LINE represents the number of
references (of those examined in this study)
that describe actual use of the corresponding
frame interval, or state that the author of the
reference has used the frame interval for work
analysis films.

DASHED LINES represent the additional references
in which the frame interval was suggested as a
possibility but no actual use was mentioned.
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=

Frequency of interval appearance 1ln references -4
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Frame Interval (Seconds)

Figure 9: Frequency dlagram of frame intervals used in other industries for time

lapse photography.
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FACTORS INFLUENCING INTERVAL SELECTION

The preceding section indicates there are several dif-
ferent intervals in use for time ;apse photography of indus-
trial operations. Several factors influenee interval selec-
tion. Some favor long intervals while others favor short
intervals. | ' |

The following factors_influence interval seleétion{
Detail required{
Accuracy required, '
Duration of photographic study,

Costs,

wm = Ww P

Interruptions,
6. Time units.
1., Detail: ]

The amount of detéil recorded on film.is affected by the
frame interval. "In general the greater the interval between
pictures the less the detail picked up." _ This, of

' ' (23,p.814) ,
course, refers to task details and not picture details.
2. Accuracy:

_ The accuracy of time values measured.onlfilm_depends in
part on the frame interval selected. Elapsed time for‘an
element -is estimated by counting thevnumber of consecutive
frames in which the-element appears andrmulﬁiplying-this num-
ber by-the frame interval. The error of estimated elapsed

time for an element can approach 1 frame interval as a
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maximum. This 1is illustrated in figure 10 for situations in

which the estimated elapsed time is two times the frame in-

terval.

Frame interval boundaries

// \‘\(fra

mes are exposed at these points)

\\\\h.

b

Figure 10:

Case 1:
Estimated elapsed time =
2 1ntervals
Actual elapsed time =
2 intervals
Error of estimate = O

Case 2 (a limiting case):

Estimated elapsed time =
2 intervals

Actual elapsed time
slightly greater
than 1 interval

Error of estimate —ptl
interval

Case 3 (a limiting case):

Estimated elapsed time =
2 intervals

Actual elapsed time
slightly less than
3 intervals

Error of estimate —-1
interval

This figure illustrates the statement that the

error of estimated elapsed time can approach *1 frame inter-

val as a maximum.

limit.)

(—> 18 the symbol for approaches as a
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3. Duration of photographic study:

The imperéance of this facter to interval selection can
be summarized in a single statement, "More operation time can
be recorded per foot of film if a longer frame interval 1s
used."

b, Costs:

Film costs are reduced by inereasing'frame intervals if
the dufation of photographic study remains unchanged. Film
analysis cost. per frame may increase due to a loss of conti-
nulity if intervals become too long, but the eosf per ﬁnit of
operation time should be reduced.

5; Interruptions:

Interruptions are more freqﬁent for short intervals. ‘The
camera spring must be rewound and film replaced soonef if
frame intefvals‘are short. If frame intervals are great
enough, the camera cah be rewoﬁnd between frames. |
6. ‘Time units:

The time units which will be used to express the final
results should be considered in interval selection to minimize

or eliminate time ﬁelue conversion. For example, expressing
time values in’m;nutes is simpleAif each frame represents .01
minutee. Expressing time values in minutes is more difficult
if each frame represents one second anq upnecessarily aif-

fieult if each frame represents 0.8 seconds ,
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INTERVAL SELECTION
Interval selection consists of a balancing of the factors
favoring long intervals and the factors favoring short in-
tervals and adjusting to a position permitting easy calcu-
lation of elapsed times in the desired time units. The gen-

eral ldea of this statement 1is illustreated in figure 11,

Seconds O il 2 5 10

Minutes .q1 .02| .05 I.10
1

‘L-Frame interval scale

Q
Y AT ST AR A AN A AR S A S A A ST AR I R T

Figure 11: Interval Selection Diagram.
Forces in the diagram:

Sl = need for greater detail (this demand becomes
smaller as interval indicator approaches zero)

need for greater accuracy (this demand become§
smaller as interval indicator approaches zero)

2]
n
1]

L1 = cost reduction
L, = long duration of study

L3 = iInterruption reduction

The frame interval scale is marked at values which provide

convenient time calculations in the two time units--minutes
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and seconds. Purther expilanation of the diagram may be found
in the text of this chapte:.

A single frame interval has not been selected as the best
for all logging studies. The.appropriate interval depends
upon the operation 1ltself and the purpose of the study. An
interval of one second has been adequate for most logging
studies made to date.

Frame interval selection may at some time warrant ex-
tensive study. Until a more precise methed is avallable, the
following concepts are intended as a guide to selection of an
appropriate frame interval.

As g étarting point, potential interva1s can be limited
to selected decimal parts of a mimute and selected integer
values of seconds. Potential inbérvals could likewilse include
selected decimal parts of an hour, day{ or other time value.

Limiting the potenﬁial intervals in this manner can aid
in selecting a time value which permits simple’conversion from
the number of frames to a corresponding elapsed time for a
continuous series of frames. The:conversions are, in‘faet,
simple enough to permit strictly,mental calculations.

The mental conversion from a one-second interval to
elapsed time in seconds is obviously n frames = n seconds.
Conversion from a f05 minute interval to elapsed time in

minutes can be. accomplished in the following manner: number
s = (0.1)(number of frames)
o % _

of minute or, in other words,
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shift the decimal point of fThe number of frames one place to
the left and divide the result by 2. Similar methods are
possible for the other intervals marked on'the frame interval
scale.

As the selection of intervals becomes more refined and
as processing of data becomes automated, simpiieiﬁy of eom;
version from number’of frames to elapsed time may lose im-
portance.. At present, éuch simple conversions are useful,
and the inexact nature of interva; selegtion permits enough
shifting of the "frame interval value" to-alloﬁ.ohoice'among
values specifically marked on the frame interval'scaleo

The demand or forece S1 in the diagram represents the
need for greater detall of the recorded activity{ This de-
tall becomes more complete as the "frame interval" is reduced.
As the intervél is Shértened, the detall 1is increased; con-
sequently the need, being at least partially satisfied, be-
comeS'lesé intense. Thé point at which this need or demand
becomes zero depends upon the nature of the operation and
the purpose of the film. Demands favoring longer intervals
may not permit this need to become completely sabisfied.

The range of available time values can roughly be divided
into three categories applicable to most operations as in-

dicated by the following chart.
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Frame Interval ‘ Category Description
(seconds) ,
0 - . 1.5 Establish standard
. times '
1.5 - '5 Studies of broad as-
" pects such as machine
utilizatipn ,
5 - 10 Studies of delays and
. - fixed interval work
sampling

This chart is, at best, broad a:,nd:_a.pproxima-t'e°

The demand fofqe-§2 represents the needvfor greater
accuracy. The poiht“at which 82,:'0 can be calculated 1f
accuracy regquirements are knpwn, For example, consider a
situation where the maxiﬁum permissible error is five .percent
of the average time of the smallest element and the average
time of the smallest element is twenty seconds. 1In ﬁhis case
the maximum pefmissible error‘is one second. An interval of
one second will insure'that the error in measufiﬁg the ele-
ment will not exceed one second.
| The demand force Ll represents a reduction in the éost
to record and analyze a stated period of operation time cor-
responding to an_increaséd.length of frame intervai° The
cost for the following items is redueed: 1) film and devel-
oping costs,te) replacement battery cqsts,ﬂand 3) film anal-
_ysiswcosts. Other costs of data gathering for the stated |

period will remain essentially unchanged.
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¥ilm and developing cost per frame will be a constant
regardless of the frame interval chosemn. Battery cost per
frame is not expected to vary significantly as a result of
changing the frame interval. Analysis cost per frame may
be greater for larger frame intervals due to loss of conti-
nuity, but how mudh larger, if any, has not been established.
Analysis time has fun as_high as thirty seconds per average
frame for simply determining the aetivity classificabtion of
each frame for.films taken at ten-second i@tervals, For
analysis requiring 30 seconds pér frame and assuming aﬁalysis
cost of $4.00 per hour, the cost of analyzing a 100 foot roll
of £ilm would be $133.00.

To illustrate a cost eomparisom of a study permitting a
choice between a half-second or a'one~second interval, the
following situation will be eonsidered:

Study two hours of the operation:
a) Transportation cost = $20.00,
b) Film and development @ $10.00 per 100 feet of film,

"¢) Two men for 6 hours each @ $4.00 per hour for
filming operation, $48.00,

d) Arnalysis cdst @ $133,00 per 100 feet of fiim
(assuming analysis time of thirty seconds per
average frame),

e) Equipment depreciation @ $.50 per- hour,

f) Battery cost @ $1.00 per 100 feet of film exposed
at time lapse intervals.
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To find the difference in cost between the half-second

and one-second interval we need consider only film and devel-
opment cost, analysis cost, and battery cost. Other costs

will remain unchanged for this study. Thus we have:

b) Film and development : $ '10.00 per 100 feet
d) Analysis 133.00 per 100 feet
f) Battery 1.00 per 100 fee%

Total of costs that depend on interval = $144.00 per 100 feet.

Using one-half second interval:

C =5 hy 2 frames _ $144.00 - 100 ft. 3600 sec
- rs. X sec = 100 ft. ¥ TO00 Fframes * I =
$518.00. '

Using one-second interval:

1 frame _ $144,00 100 ft. 3600 sec
sec X 100 ft. ¥ TO00 frames * he

C; = 2 hrs x
$259.00. |
This twe hour study bthen costs $259.00 less if a one-second

interval is used instead of a one-half. second interval.




CHAPTER VIXI
SIZE AND NUMBER OF TIME LAPSE BURSTS

A time lapse "burst,f as»géed here, means a series of
consecutive frames exposed without inteprgption of the fixed
interval. ﬁor example, consider a case where ﬁhe intenval
timer is set for one second, almed at_the subject, and turned
on until five cycles of the subject.operationLare recorded,
Thé camera 1s then turned off. This represents one time lapse
burstﬁ Any forced interruptioﬁ, sugh as stopping to wind the

‘camera Spring,lehange film, or replace the battery, also ter-
minates a burst.

A time lapse burst can therefore be any selected length
that does not go beyond any forced interruption.

The most common forced ilnterruptions are those imposed
by thg qamerag film, amd aceessory equipment. Table_IVS page
48, lists the times available before occurrences of inter-
ruptipns due to the limitations of film and camera spring
capacitles.

It 1s seen from Table IV that at a one-second interval,
a period of 26 minutes, 40 seconds is available without in-
terruption due to camera spring capacity limitations. (Othér
interruptions such as battery failure may occur sooner if
proper precautions are not taken; many of these, however, are
preventable..)

With these forced limitations -imposed by the time lapse

equipment in mind, other faetors’pertinemt to the selection

Vd
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of size'andAnumber of time lapse bursts may be considered.

Intuitively, it 1s readily apparent that the objective
or the type of study to be made is the major factor in es-
tablishing the size and number of time lapse bursts. The
remainder of the diseussion on this subject will consider two
of the most useful application ef time lapse photography,
namely 1) methods review, end 2) time study.

1. Methods review:

Methods feview, as used here, is intended Tto mean a
relatively brief look at pattern and sequence of operational
events of an existing operation. ‘Some rough estimate of
cycle times and proportions of time oecupied by various parts
of the task may be possible, but a defined statistical relia-
bility is not Intended. ’

Since a defined statistical reliability is not intended,
careful definition of parameters and random procedures in
sampling can largely be disregarded. Sample"size can be mini-
mized also. ‘

In studies having at least some similarity to the "meth-
ods review" indicateé here, Timmiﬁs has suggested time lapse
pictures eovering six to eight cyecles of the operation.

(23,p.815)
The operation should be recorded in complete cycles, but the

s8ix or eight required cyecles may be recorded om one or more

time lapse bursts.
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The reader is warned to avold using this type of study
beyond its intended purpose. Considering the many variables
in logging, danger of inaccurate prediétions based on the
"methods review" is extremely likely.

2. Time study:

Mundel points out that memomotion offers a vehicle for

(18,p.303)
recorded by the film. Data is recorded for the same purpose

time study. Motion patterns and time values are

as when a stop wateh is used.
Time study is defined by Mundel as "a prbcedure'for
determining the amount{of time required, under certain

1

standard conditions~ of measurement, for tasks iﬁvolving

some human ackivity." _ . Assuming, then, that certain
standard conditions oglgégégiggent can be established for
each selecbed logging operation (this may be an unrealistic
assumption), data requirements can be debermined in a manmner
very similar to this séme determination when stop watch time
study is used. i

Data requirements for time sbtudy are commonly measured
in terms of the number of operation cycles to be studied. To
determine film requirementé it is then necessary to multiply

the number of cycles to be studied by an estimate of the time

1 Emphasis supplied by the present author. -
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per cycle and divide this product by the frame interval. The
answer is in terms of an'estiméte of the number of frames that
will be required to complete the study.

Niebel cautions, "The number of cycles to be studied ﬁo
arrive at an equitable standard is a subjeet that has caused
eonsiderable discussion among time\study’analysts. "Sinee The
ac¢tivity of the job, as well.as its cyele time, directly in;
fluences the number of cycles that can be studled from an
economic standpoint, one cannot be completely governed by the
sound statistical practice that demands a certain size sample
based on the dispersion of the individual element readings."”

' ' B - ~ (19,p.253)

Some industrial firms have established guides to be used
in determining'a recommended number of cycles to be time
studied. The guildes reiate N, the number of cycles reeom;

mended for stﬁdy, t0o functions of other pertinent factors,

The following are examples:

Nzt [eyele time],
N=1r1 [éycle time, annual activitj],
N=f [?ycle time, annrual éctivity, dispersiog:}

None of the examples allows for changing working conditions,

~which obviously:presﬁppOSQS'a standardized workpiéqe;
Where.cycle times vary appreciably due to echanging work

conditions, 1t may be appr@priate to establish several sets of

"standard cenditions" and use one of the guldes to determine a
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value of N cycles to be used for each set of standard condi-
tions,
To illustrate establishment of a set of standard condi-
tions, the following might describe one set of standard con-
ditions for felling:

1. Saw, chain, gasoline 26 cycle engine, 5 to 6 cubic
displacement,

2. Tree diameter: 14 to 16 inches,

3. Slope: 10% to 20%,

4, Distance from previous tree: 10 feet to 20 feet.
Other factors may also be expected to relate to cycle time and
could be included in the list. Other sets of standard condi-
tions can be set up to include cycles that will not fit this
set. Factor ranges within a set of "standard conditions" can
be increased or decreased to fit the accuracy requirements.

With the sets of "standard conditions" appropriately es-

tablished, a guide such as the following one may be used:
(19,p.253)

Cycle Time in Minutes Recommended Number of Cycles

k) 200
.25 100
.50 60
.75 Lo
1.00 30
2.00 20
4,00- 5.00 1D
5.00-10.00 10
10.00-20,00 8
20.00-40.00 5

40,00-above 3
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To illustrate use of this approach, consider a situation
involving twenty sets of "standard conditions" with cycle time

groupings as follows:

Set Numbers Cycle Time Category
1 - 5 N )
6 - 15 1.00
16 - 20 2.00

Determine minimum possible film footage to record required
number of cycles in accordance with the following guide and
using the method of establishing sets of standard conditions.

Assume 1 second interval.

Solution:
Cycle Time Recommended Film Footage

Set Number Category Number of Cycles to Record

1 75 min, 40 45

2 75 40 45

3 75 Lo 45

4 75 40 45

> 75 4o 45

6 1.00 30 45

7 1.00 30 45

8 1.00 30 45

9 1.00 30 45

10 1.00 30 45

11 1.00 30 45

12 1.00 30 45

13 1,00 30 45

14 1.00 30 4s

15 1.00 30 45

Solution is continued on page 91.
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Cycle Time Recommended Film Footage
Set Number ategory Number of Cycles to Record
16 2.00 min. 20 60
T 2.00 20 60
18 2.00 20 60
19 2.00 20 60
20 2.00 20 60

Total film footage (minimum) = 975 feet.

If random sampling 1s not used in this time study (as is

the case in common industrial practice) several cycles can be
recorded on a single time lapse "burst." It is then merely
necessary to use a large enough quantity of bursts to record
the required number of cycles for each set of "standard con-

ditions."




CHAPTER VIII
FILM AND OPERATION: IDENTIFICATION
_ THE NEED FOR IDENTIFICATION _

Early films of logging operations quickly revealed a'need
for some means of recording'certain pertinent'infgpmation in
the form of short notes in addition to the information nor-
mally recorded on the film. Notes recorded on loose field
sheets were not entirely satisfaétory,_ Relating field notes
to the proper films proved to. be diffi@ult, particularly since
the films-required two weeks for‘development‘énd were out of
our hands;durihg.that time. Once the films were .returned,
there remained the difficulty of keeping the sets of compli-
mentary notes and films together,

An apparent solution ealled for the use of titles that:
could be filmed right along with the rest qf the action,
Titles could be used to identify films and 6perations and to
record brief but important notes relative to the logging oper-
ation under study. \

~ EARLY FILM TITLING ATTEMPTS

The first approach to film titling involved tﬁé use of
chalk and a small blackboard (8" x 10") for writing éhe
notes. The blackboard was then held in front of the_camera
while a few frames were exposed.

Use Of,@h? blackpoard.and_chalk proved the value of

titling. The problems of relating complimentary notes and
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film strips were eliminated along with thevrequirememt for
any speeiagl efoPts to keep notes and filums together.

The blaekboard and chalk solution did, however, leave
room for improvement. The blackboard was awkward to carry,
particularly in our mountainous, tree—coveréd studio.

Cerﬁain light conditions resulted in notes that were
nearly.imposéible to read on the finished film. (Many of"the
notes came out clear; however, an example of poor results
occurred on a film of an operation in very bright light for.
which the title board was held in the shade. The‘lens
opening, being set for filming the operation, was so small
that the shaaed.notes on the de%eloped film were very faint.)

~When only 6ne man was operating the camera and preparing
the titles, uncerbainty existed as to whether or mot the
blackboard was beigg-held in a position to be entirely photo-
graphed, Also it was necessary to guess what size of letters
should be used for notes.

A more suitable method of titling was sought thrqggh
experimentation, Cards of varied dimensions were inscribed
with notes using assorted pens with inks of varied types and
colors, and using assorted pencils with leads of varied types
and colors. Letter sizes were varied in overall dimensions
and in width of 1lines wused.  The various cards thus prepared
were- then filmed during the filming of actual logging opera-

tions.




-gl -

As a result of this experiment, ordinary 3" x 5", white,
lined cards (% inch space between lines) were selected along
with a mechaniecal pencil with standard size soft mark sensing
lead for titling materials.

Engineering sbtyle capital letters i inch in height were

ehosen,and the standard lines of'% inch spacing on the'cards

served well as guide lines, _

The cards, pencils, and leads selected qbulg be‘obtained
from stationery stores. All, including extra lead, were
easily carried in the field. Lead d4id not creéte the hazards
of messes that ink does, nor was it affected by the extreﬁes
of ordinary oubtdoor temperatures. |

FINAL SELECTED IDENTIFICATION TECHNIQUE

A The most recent choice in film and operation\ideﬁtifica—
tion materisals differs somewhat from the use of cards de-
‘scribed above. The three by five inch cards have heen re-
placed by surveyors' field note books and the meechanical
pencils with standard size soft mark sensing lead have been
replaee'by wooden engineering drawing pencils with a‘4H
classification.,

The field note book is spiral bound. ~The page dimen-
sions are 4% inches by T+ inches. The pages are marked with
horizontal lines spaced. & inch apart. Vertical lines divide
the left hand page (of the opened book) in six columns. The

right hand page has vertical lines spaced 1/8 inch -apart.
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The field book, which will £it the hip pocket of most
trousers, has five major advantages over cards .and maintains
the favorable characteristics of the cards. The advantages
are the-follpwing: |
1., Notes recorded on films and other supplemenﬁary
notes cén easily be kept togethe?. r
Note book provides its own writing surface.

Note book is easily handled in field.

Note book hés better moisture reistance. '

v &= w N

, Page surfaqe permits use of harder pencil to
obtain adequate_line thickness.

'As mentioned, the mechanical pencil with soft lead was
replaced by a wood pencil with hérder lead. The harder pencil
became suitable due %o the change in writing surface. Wood
pencils can now be used_becaﬁse the harder lead will stay
sharp ionger than the soft lead.

A usable procedure for film and operation identification
is outlined by the following steps:

1. Phobtograph specially marked cover of field note
book. ‘
2. Prepare title sheet of an inside page of notebook.
Use % inch engineering letters (capitals).
3. Photograph the title sheet.
Details of these steps follow.
1. Photograph cover of field note book:

The field note book that is being used can be identified
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by lebtering the cover with an ink marker. Identification
marking should correspond to some filing system. One pos-
Sible system would be to label field books with the photog-
rapher*s Aame and the number of.bhe book in a series prepared
by the photoegrapher.
2. Prepare tiﬁle sheet:

‘The film title sheet should be prepared using § inch
capital engineering letters. Letters_should be dark to mimi-
mize the probability of good legible piq@ures, Figure 12
is a sample sheet indicating minimum information that should
- be photographed.

3. Photograph the title sheet:

By photographing the title sheet, important identifying
information 1s recorded. Further information can be added on
succeeding pages and photographed or simply kept in the field
note book. ‘ |

This laftest method 1s most easily used in the field. The
black letfers on white background gre nearly always readable
on the finished film if camera lens opening is correct for
filming the operation. One man can sight through the view-
finder and at the same time reach far enpugh to hold the notes
far.enough from the camera to photograph the entire page in
proper position. A suitable size of letters has now been
established. - Summarily, this is a practical field film
titling me@hodo
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Figure 12: Film title sheet, as it appears on a page of the
field note book. This information is minimum. More pages
can be added as needed.




CHAPTER IX
THE PROBLEM OF VIEW OBSTRUCTIONS
ﬁVIEW OBSTRUCTIONS" AND LIMITATIONS THEY IMPOSE

The camera willl onlyirecord what 1t can see. Obstrucs’
tions that can block the view of an operation (and thus render
photograpbic data gathering_useless) can come in many forms.,
The following is a list of view éﬁstructions eommonly en-
countered in the study of logging operations:

1. Standing trees,
2, Fallen trees,
3. Terrain,
I, Undergrowth,
5. Logs,
6. Men,
7. Machines.

The effect of view obstructions limiting data collection
ranges from complete obliteration of the required data to no
loss due to obstructions. The percent effectiveness of a |
photograph subjected to view obstructions‘Will be partly con-
trolled by what data is required.

To clarify the previous paragraph, consider one frame in
which a feller is crouched at the base of a tree, his back to
the camera. The tip of his saw blade can be seen, along with
flying wood chips. This normally would be sufficient to- indi-
cate the feller was engaged in the  felling of a-tree. - If that

were all the data required of the frame, no loss dus %o
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obstructions would be experienqéd. However, if the required
data were a description of the position of his hands on the
saw, all data would be lost. The obstruction in this case is
the feller's own body.
| If the photographer has a clear understanding of what
data will be required from.the finished film, he can usually
anticipate during filming the loss of data due to obstruc-
tions. ‘

DEALING WITH VIEW OBSTRUCTIONS

For study of logging in its natural enviromment, view
obgstructions do exist. If the camera is to be used for gath-
ering of data, obstructions can occasionally be moved or
avolded to minimize loss of data. Usually avoiding-the_ob—
structions is the préctieal meﬁhod'sinéé moving-of trees,
hillsides; ete. is far too costly and Would‘probably inter-
fere with the logging operation.

Moving closer to am operation often eliminates many view
obstructions. Of course, the hazards to data gatherers may
inqrease by moving closer. Also the field of vliew may become
small enough that important daté is lost simply because it is
outside the camera's fileld of view,

Moving the camera to change the 1ige of sight sometimes
helps to avold view obstructions. Of-eourse,"it-may_be that

this will only exchange one set of obstructions for another
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_ setl pefhaps less objeetionable, Thils method has somgtimes
worked in actual practice.

‘Illustrations in figures 13 through 15 show the most
frequently useful pesitions for the camera in filming felling,
limbing, bucking, and loading-(heel boom) operations, No
truly successful positioﬁ has been found for filming of skid-
ding operations, which usualiy move from point to point over
an area too léfge to be photographed effectively from any one

position.
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Figure 13: Most frequently useful camera position for
felling.
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Figure 14: Most frequently useful camera position for
limbing and bucking.
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Figure 15: Most frequently useful camera position for
loading with a heel boom loader.




CHAPTER X
ENVIRONMENT AND OPERATION FACTORS
INFLUENCING TIME LAPSE PHOTOGRAPHY OF LOGGING

To intelligently apﬁroagh the problem of recording data
by means of time lapse photography, certain characteristics
of the logging operations and the logging environment need to
be recognized. This chapter will discuss the principal char-
acteristics of "factors which influence photography." The
selected factors are those which have caused the greatest
problems within the scope of the author's experience.

THE MOVING WORK SITE

Felling is carried on in a new location, i.e. "work
place," for each cycle. Limbing involves a moving operation
during removal of limbs of suceessively smaller slze from a
single tree and travel to each successive tree to be limbed.
Very large areas are frequently covered by a single "skidding
turn." Loading is a relatively stationary operation in which
many cycles may be completed from a single location.

Many of the operation moves described in the previous
paragraph must be accompanied by relocation of the camera.
Sometimes simply aiming the camera in a different direction
is sufficient, but frequently a move té énother loeation is
necesgsary for one or more of the folloWing reasons:

1. Operation moves behind a view obstruction.
2. Camera 1s located in what 1s to become an extreme

hazard aresa.
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3. Camera-to-subject distance becomes too long or
too short.
THE GEANGING'LIGHT INTENSITY
For proper exposure, film and 1ens_op¢ning must be
matéhed to light intensity° For each change in light inten-
sity, a rebalance of light intensity, film, and lens opening
is necessary. The light inﬁensity doéé change in the logging
environment. The following are common causes:
1. Rotatiog of_the earth,
2 Operation movement,
3 ‘Cloud movement, ‘
4, Shade removal (i.e. trees felled),
5 Camera movement.,
THE SHORT CYCLE TIME
Some logging operations take less thgn a‘minute per @y@le
under certain conditions. An operation such as felling may
rgquire a move every cycle. A smooth move without loss of
data within the logging enviromment is difficult. Frequent
moves of this type may Slip out of the realm of the possible.
In effect, short cycle time simply intensifies problems re-
sulting from the relocation of the work sifte.
THE TERRAIN AND ITS COVER
Mountainous country brings special problems‘to photog-
raphy of logging. Quick, smooth camera relocation ig-ham—:

pefed by steep slopes. Slippery ground econditions, such as-
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wet grass or loose rock, amplify the problems. Hills and
valleys sometimes obstruct the view of am operation.

Fallen trees and undergrowth often hamper the photog-
rapher's movement duping camera relocation. These‘same fallen
trees and undeprgrowth, along With standing trees, frequently
obstruct the camera's "view" of the operation under'study.

THE WEATHER | L

Logging 1is carried on under varied weather.condition_s°
Devigtions from warm, dry weather call for protective clothing,
for data gatherers. Protective clothing can make operation
of the camera difficult (i.e. gloves or mittens for cold
weather protection), and it car hamper the photographer's
movement dﬁring camera relocation.

| Snow,'rain, and dew often produce slippery ground and
logs. Wind inereases the hazards of falling limbs and trees
(see Chapter XV whiech discusses safety in data gathering).

Cold weather reduces the usgeful l1life of the_batteries

which power portable equipment such as the intervalometer.
THE HAZARDS

A discussion 6f the most common hazards that data gath-
ering observers face in the logging environment is reserved
for Chapter XV.

_THE WORKER'S COOPERATION
Experience indicates that cooperation reeceived from a

worker has a close relationship to conversations held with
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this same worker PRIOR TO THE GATHERING OF ANY DATA about his
operationoi (It. 1s unswise to take even a still plcture of
the operation without a preliminary explanatipn,)

The preliminary conversation is. to include a straight-
forward, honest explanatioﬁ of the planned study (the expla-
nation should be c¢omplete eﬁough to satisf& the workeé, but
not so 1ong.as to bore him or interfere unduly with his work) .
Once the worker is content witﬁ his understanding of the
proposed study, ask his permissipn to go ahead:with‘the‘géth-
ering of data. Where this procedure has been fbllowed,

workers have generally given excellent cooperation.




CHAPTER XTI
STANDARD SPEED AND SLOW MOTION
MOVIES FOR STUDY OF LOGGING OPERATIONS

Movies at speeds ranging from 16 frames per second to 64
frames per second can be taken with the Kodak K-100 camera.
This fact has been pointed out in Chapter IV. The speed se-
lector on the camera is marked aﬁ speeds of 16, 24, 32, 148,
and 64 frames per second.

Micromotion study, a highly refined technique for de-
talled analysis of operations-at an exist;ng?work center, -
employs;the use of camera speeds in this range. A speed of
1000 frames per minute is the most popular for micromotion
study becauée it is nearest tq normal motion piotﬁre speed
and because the intervals are decimal fréctié@s, This speed
is avallable on the Kodak K-100 camera, but it is not marked.
It lies somewhere between 16 frames per second (960 frames
per migute) and 24 frames per second (1440 frames per minute).
The author knows of no practical means of accurately setting
the Kodak K-100 camera at 1000 frames per minute; however,
many cameras designed for micromotion study provide an accu-
rate speed of 1000 frames per minute,

A very detalled analysis of an existing operation is
possible through frame by frame study of movies taken at stan-
dard eamera speeds of 16 frames per second (960 frames per

minute) or at the faster speeds that are available.
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Much of the earlier discussion relative'to time lapse
photography (i.e. film selection, amateur photographers, film
and opération identification, view obstfucpions, logging en-
vironment, and safety) also applies to standérd speed and
slow movies. Three factors that become more critical with
high film speeds are the following:

1. Time avallable for operation recording,
2. Cost,
3. Exposure time. )

Only forty feet of film can be exposed with tﬁe Kodak
model K-100 camerg before 1t 1is necessary to rewind the camera
main spring.. At a speed of 16 frames per second. the maximum

uninterrupteq running time is bne minute and forty seconds.

The running time gets even shorter as the camera speed 1is
increased (see Table IV).

At a speed of 16 frames per second the cost of film and
film processing alone amounts to $2.40 per minute of recording
time (gssuming film cost plus processing cost totaling'$10000
per one ﬁundred foot rpll)a Analysis cost will, of course,
depend upon the information to be extracted., For an analysis
rate of two fremes per minute and a single analyst‘é time
costing a minimum of $3.50 per hour, film analysis will amount
 to $28.00 per minute of operation recording time.

In the assumed situation discussed -in the previous para;

graph, the sum of eosts for film, film proecessing, and
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analysis is $30.40 per minute of operation time recorded.
Other costs (i.e. photographer's time, transportation, camera
depreeiatioﬁ and repairs) are not included in this amount.
Further discussion of data costs is included in Chapter XIV.

For time lapse films, exposure time of the Kodak K-100
movie camera 1s a consbant, regardless of the time 1apse in-
terval chosen. For movies at standard camera speed or faster,
exposure time depends upon the camera speed selected. For all
camera speeds from 16 to 64 frames per second the exposure
time is less than the exposure time for time lapse photog—‘
raphy. N

Since exposure time does change‘with a change in camera
Speed, the lens opening for constant light conditions requires
readjuétment when the camera speed is changed. It may also be
necessary to select a faster film to compensate for shorter
exposure_time;

USEFULNESS . OF MOVIES AT 16 TO 64 FRAMES PER SECOND

Movies in this camera speed range are useful for work
pace rating and for very detailed analysis of such thingé_as
intricate hand movements. Cost 1s prohibitive to permit use
of camera‘Speeds‘in this Pénge primari;y for gathering of
motibn-time data in non-repetitive work encountered- in log-
ging. Such.speeds,'however, would be justifiable if the re-

sults of findings could be used to simplify or improve the
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logger's work. This implies, of course, than an erfective

training program could be set up o train the present or new

loggers in better logging methods.
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CHAPTER XIT ‘
STOP WATCH TIME STUDY FOR LOGGING OPERATIONS
:As mentioned in Chépter VII, Mundel has defined time
study as, "a procedure for determining the amount of time
required, under.certain spandard_conditions of measurement,
for tasks involving some human activity." '~ Stop
' ‘ (18,p.325)
watch time study implies that a stop watch will be used for
measuremept of appropriate time values,
Using Mundel's definition of time study, it 1s neces-
sary to establish and prescribe the "standard conditions"

accurately enough, and within ngrrow enough limits, .to per-

mit the determination of a standard time that is equitable

for prediction of time requirements for all operations fitting.

the standard conditions.

In many industries a single operation can be describéd »
by a single set of standard condltions. Standardiéation tends
to insure that the conditions of one cyele will not be signif-
icantly different from the conditions of another cycle unless
a planned methods change 1s installed. In logging, Standard-
ization of certain‘conditions is beyond the economical dontrol
of man (i.e. slopes, size énd location of trees, groﬁnd,con—
ditions, etc.).

. The standard conditions can be established, however, to
cover very broad ranges so ﬁhat only elemental time values
will need to be measured and recorded for eaéh cycle studied.

Using this approach, the resﬁlting elemental times of a sample
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(which truly represents the entire population) can be expected
to show rather 1arge'variation; Vafiation may be tod large
to permit determination of a méaningful "standard time" in the
classicai.meaning of the term, |

' as described

Establishing sets of "standard coﬁditions?'
in Chapter VII, can be expeeted to reduce the variation of
elemental times within each set. At then becomes necessafy
to make other measurements -in addition to_elementél.times S0
that the cycle can be categorized in the appropriate set.

STOP WATCH VERSUS CAMERA

Elemental time values can be measured with elther a stop
watch or a'time lapse camera. Othef measﬁrements (such as
ground slopes, distances moved or traveled, tree or log
sizes, or ground conditions) to place a cycle in the appro;
priate set of standard conditions will usually need to be
made by some other independent means, regardless of whether
the s8top watch or the camera 1s used for measuring time
values.

Sinece either stop watch or camera can be used Ffor
measurement of elemental,times; Sselection of one over the
other should be based upon a comparison of the advantages of
each‘in,light'of the cir@umstapées to be encountered. For
This reason, some advantages of each are Brought out in the-

following lists and discussion.
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Advantages of stop watch over camera:

lo
20
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Data is immedlately available.

Time data and standard conditions measurements can
be recorded together. |
Equipment investment is smgll.

Equipment is easiiy garried.

View obstructions present less of‘a problem,
Data cost may be lower.

Moving wqu glte is less of a problem.
Avolds field-of-view limitations.

Avoids recording interruptions inherent with
camera, |

Data analysis is less costly.

Advantages of camera over stop watch

1.

Elements can be selected deliberately and with
greét care when film is analyzed under "office"
condltions. |

Choice of elements can be changed without a need
for new field data,

Variation in sequence,of.events is more easily
handled.

Foreign elements present less of a problem.

Film permits more detailed elemental breakdown.

6. Permanent record and reference.
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. STOP WATCH ADVANTAGES;

1. The fiprst advantage attributed to the stop watcﬁ is
that data 1s immediately.available. By comparison, when the
camera 1s used, it is neaessary to wait after initial data
gathering until the film is developed. In our experience,
processing time has wsually run about two weeks. _This delay,
however, may not be very. important in long range'studies.

2. When stop watch time study is used, "standard condi-
tions" data can be recorded on time study forms along with -
time measurement data. It is possible, but less-convéniént,
to record simllar standard conditions data on film. Each
film, however, could be accompanied by a "standard conditions"
data sheet suitably keyed to the film.. |

3. By comparison with time lapse photography equipment
such as that used in this. study, the equipment. needed for
stop wateh time study rapfesents a much smaller initial in-
vestment. First cost of the original time lapse equipment
used in this study (see figure 2) was 980,00'dollarsf Stop
watches used in this study rangeiin price from 15.50.to 34,00
dollars. _ |

4, The stop wateh is obviously physically smaller than
the camera and time lapsé adaptation and is more easily
carried.

5. View obstructions-are—not-uSually'a-serious problem

Cin stqp watech time study of logging operations. The
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obstructions can usually be avoided by a reiatively unencum-
bered analyst. Also, sound as well as sight can be helpful
in determining just what is occuring at any point in time.
The problem of view obstructions'when the camera is used for
data gathering is discussed in Chapter IX. o _

6. Cost of data will depend upon what data is collected
and also Hthe methqd that 1s used for gathering the data.
Generally, Where very speeific time'study.data is required,
and where it 1s possible for one man using a stop Wabeh_to
gathering adequate data, stop watch time study will provide
summarized data at a lower cosﬁ than is possible using the
time lapse camera., For further discussion of data gathering
costs see Chapter XIV.

7. Moving the camera to folloW'a‘moving work site often -
results in blurred pictures and lost data. The moving work
site should cause little difficulty for stop watech measure-
ment. .

8. The camera has a iimited field of view (see figure
4). Anything occurring outside this field of view will not
be recorded by the camera. Stop watch measuréments avoid
this limitation of the camera.

9. The camera is limited in its continuous recording
capacity by sueh-things as the number. of frames that can be
exposed between interruptions. -The'prineipal interruptions

include stopping to wind the camera main spring and putting
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new film in the éamera, and occasionally, failure of the
intervalometer battery to provide sufficient electromotivé
force to actuate the camera. Use of the stop watch avoids
these interruptions“introduced by the camera. '

10. When stop watch time study is used, the analyst can
begin immediatély to summarize his data (assuming the snap-
back method of stop watch time study is usedl). When the
camera is used, the analyst must first extract time values
from the film before he can begin to summarize his data. Thé
time reguired to extract data from the fi;m'adds cost to the
study. ' ‘

CAMERA ADVANTAGES: ‘ .

1. & 2, Irregularity of many logging operations places
certain important advantages on the side of the camera. For
example, selecﬁion of elements for breakdown of cycle fime
may be_diffioult° Films permit a preliminary study. to seleet
and define the elements., Then the film can be rerun to mea-
sure time values as precisely as desired. Where neecessary,
elemental breakdown can be changed and time values remeasured
on the same film,

3. Sometimes the sequence.bf events is difficult to

predict in logging operations. This can be confusing during

1 PFor a discussion of the snapback method see reference
19, page 245,




-117-
stop watch time study. A film can be rerun as often és nec -
essary to sort out The elements.

4, Since with a film it is possible to see the exact
same operation more than onée,'an obportunity is provided to
isolate the foreign elements and then view the film again to
determine elapsed times. This opportunity doeé not exist
with stop watch time study. | |

5. Stop watch time stﬁdy must be planqed to aliow time
to record data during the study. The operation cannot be
stobped to allow time for recording this data. Therefore,
elements must be large enough to provide data recording time.
The film resulting from time lapse photography of:én opera;
tion can be stépped while data'i§ recorded, then continued.
A much more. detailed breakddﬁn is therefore possible when the
camera ié used. |

Neither stop watch nor camera can be seiected to the
complete exclusion of the other in the colléction of time.
study data. Chapter XVI will describe a proposed data-gath—

ering system that will employ both methods.




CHAPTER XITII '
WORK SAMPLING FOR LOGGING OPERATIONS

Work sampling is a'statiétical technique used to esti-~
mate the fractions of an ﬁoperapion_time" eonsumed by vari-
ous activity classifications and their elements.

The "ratio delay" study, a forerunner of modern  work
saﬁpling, considered only two‘aetivit&_classifications,
'Theée classifications were 1) wofking.productivély and 2) not
working. Either or both of these classifications can be
divided into a larger number of more specific classifiéations
in the application éf modern work sampling. . |

In addition te its use in.estimating the percentage of
"operation time" consumed by various activity classifica-
tions, work sampling, under certain circumstances, has been
‘used successfully to establish time standards for operations.
1) Estimgting percentage of operation time consumed by
various activity.ciassifications and 2) establishing time
standards are the two main uses of work sampling.

_ WHY WORK SAMPLING? _@’pﬁ)

Time study can be used to gather the same type of
information as that supplied by a work sampling study, but
work SQmpling is frequently'faster and less costly, Also,
work sampling measurements may be made with a statistically
éound pre—assigned reliability if samplipg is properly done,

Discussions of work:samplimg——including exp;anétions of

how.and why it works, the statistical concepts on which it
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is based, and procedures for conducting a work sampling
study--may be found in various references including Work
Sampling by Ralph M. Barnes (reference number 3).

Rather than include here an extensive discussion of work
gampling, the reader is invited to refer to feliablg standard
works to acquire a géneral_understandiné of work Sampiing,
This discussion will then be 1imited'fo special coﬁsidera;
tions in relgting work sampling to logging operationé, fbl;
lowed by a discﬁssion of the possible'application of work
sdmpling using fixgd rather than random intervals for logging
studies.

LIMITATIONS OF WORK SAMPLING FOR'LOGGING.

'Barnes lists thirteen advantagés and seven disadvantages
of work sampliné as compared to continuous time study. -

of siénifieance to logging is his first‘disadvantage
which states, ”Ordiﬁarily work sampling is not economical for
studying a single operator or machine, or for studyiﬁg opera-
tors or machines locéﬁed over wide areas. The observer
spends too great a broportion of his time Walking to and from
the work place ér walking‘from one work place to another.

- Also, time study, elemeﬂtal data -or motion time data arevpfe—
ferred for establishing time standards for short-cycle re- .
petitive operations:."” -
" (3,p.5) | '

On- the ‘basis of Barnes' first disadvantage, ordinary

work sampling will probably not be economical for felling,




-120-
limbing, and bucking operations, since these operations are
gsually performed by one man. Where several cutters are
working 8 single chance, they must eaqh work far enough from
the others to avoid the possibility of endangering the others
or of being endangered by them.

This first disadvantage will not apply tTo certain
loading operatioﬁs since it is not uncommon for a 1oadingf
operation to involve three or more men, a machine for loading,
and one or more trucks.

Skidding sometimes involves Jjust ome man operating one
machine but at other times involves several men and machines.
Where several-men‘aﬁd machines are involved, Barnes' first
disadvantage is not present unless the total operation is
scattered to an extent that will not permit adequate obser-
vation of the entire operation.

The validity of conclusions reached on the basis of work
sampling will relate to the extent to which the sample is
representative. For operations having wide daily flucfua~
tions the required number of observations may need to be
spread over a period of several weeks, .(In'certain logging
operations seasonal fluctuations may sﬁggest spreading the
observations over an entire year for truly representative
samples.) ‘

If the usual "work sampling" is to be-used'in~the study

of logging operations, some of the assurance of a truly
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" representative sample will probably need to be sacrificed
becguse it is often necessary to travel long distances (25
miles round trip is about a minimum) to reach a logging
chance. Thus it is not economical to spread é study'éver
geveral weeks during which time rather limited information
is gathered. .

In logging it will seldom, 1f ever, be possible to apply
work sampliﬁg to obtain the high (and predictable) accuracy
and low cost (relative to time study) it has provided in
other industries.

An important limitation of work sampling is that it
presents average reéultsu It does not provide informatien
about the deviations from the average. Thus, for studiés
'aimed at finding the extent to which deviations in the opera-
tion relate to certain deviatioﬁs of the operat;on environ-
ment; wofk sampling_informatiom will not be sufficient.

As mentioned earlier in this chapter, in‘many industries
determination of time standards is one of the bwolmost common
uses of work sampling. This application of work samplingv
will prébably‘not be particularly uséful for logging opera-
tions. Barnes indicates that for short-cycle re-
petitive operations, timé3égé§§3 elemental data, or ﬁotion—
time data would be preferred in most instances . for deter-

mining time standards.




-122-

Work sampling is not likely To yield the high and pre-
dictable level of aceuracy at relatively low cost in logging
studles that 1is possible in certain other industries. Fur-
ther, it is not likely to be useful in setting time standards
for logging operations. This is not intended to imply, how-
ever, that practical apblications of work sampling to logging
are nonexistent. Potential use of work sampling for logging
is discussed iIn the foilowing section. |

APPLICATION OF WORK SAMPLING IN LOGGING STUDIES

A ,quk sampling_invdlving small samples that fall short of
providing high assurance of being representative can still
serve as a useful tool in detgrmining general objectives.,

It can aid in determining to what extent, and in whas ol
quence, each of an operation's activity qlassifieations
warrants further study. It can assist, in effect, the plan-
ning of studies that will yield .the highest return on re-
search investment. ,
PIXED INTERVAL WORK SAMPLING

- The statistical reliability of work sampling depends -
upon random observations. Most references discussing work
sampling indicate random observations are obtalned by instan-
taneous activlity classifications at random times. . It ﬁas
been suggested that random observations can also be obtained

by making instantaneous activity elassifications at fixed
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intervals provided the activityvbeing observed follows a
random pattern.
(11,p.268) :

Logging intuitively appears to involve random opera-
tions. The randomness appears more regularly in the time
required for any elemént im successive cycles_than in the
sequence of elements (éven thbugh element sequenee is not
always consistent). |

If fixed intervai sampling of random operationé does
satisfy requirements for random'observations;'and if logging
operations are in fact random, work sampling for 1dgging
operationé can be simplified. The author's experience indi-
cates that fixed interval sampling is much easier thgm
sampling at random intervals whén studies are made under
woods conditions. Fixed interval studies at an intervallof
one minute have been found to allow reasonable time for re-
cording data and watching for hazards.

If fixed interval sampling doés not adequately provide
for randomness of observabions, information obtained by this
method should still be sufficiently representative for use
in determining,genefal objectives.

CONCLUSIONS REGARDING WORK SAMPLING
FOR LOGGING OFPERATIONS

In light of the discussion included-ih this chapter,
fixed interva;uWorkﬁsamp;ing is recommended as an aid to be

used in the planning of more intensive logging studies.
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Other uses of work sampling which require more assurance of
a representative sample appear to be of doubtful value at

this time.




CHAPTER XIV
COST OF DATA

To acquire data.it is necessary to' pay for_the sServices
of people andAequipment, The total cost.of data will depend
upqn_the nature of data to be gathered, how much data is re-
qgired,.degree of detail, degree of refinement, and when,
where, how, and by whom the data is to be gathered.

To make valid comparisons between alternative methods Oﬁ,
data gathering, one must consider more than just the eosts of
raw data. Raw data, of course, refers to such things as the
film strip that has not been analyzed, the work sampling’study,
that has not been summarized, and fhe continuous stop watch
time study for which‘elememtal times are yet to be extracted.
A valid cost comparison must consider the data in each case
brought to the same level of wtility.

To illustrate the point of bringing data from various
sources to the same level of utility, consider a situation
where a time standard is to be determined on the basis of
either a film strip or a continuous stop watch time study . _A‘
convenient point at which each has the same level of utility
occurs where each element has determined for it the elapsed
time occurring in each of the cycles studied. To reach this
point with a film sfrip it is necessary to analyze the film
frame by frame, counting the frames in which the element
appears, and on -the basis-of frames in which this element

appears the elemental elapsed time is calculated. In the
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case of continuous stop watch time study, the elapsed time
for each element 1s determined by subtracting the stop watch
reading at the beginning of the element from the reading at
the end of the element.:
| After data from aiternative.acquisition methods haye
been broughtﬂto the same level of utility, further reduction
of this daté will be the same for either method. Thus com-
pafisons of costs beyond this point are not necessary in the -
se%ection of ﬁhe data .gathering method to be used. This is
not intended to imply that further cost studles to determine
1cost'of an entire study plan execution are unnecessary. Even
the best data gathering method may 5e so costly that a com-
plete study plan should be sérappéd.

The costs ﬁo'be considered in this chapter can be divid-
ed inﬁo two classifications as follows:

1. Cqst of raw data,
o2, Cost of reducing raw data to usable information.
The second classification will be discussed only to the point
of illustrating cost comparisons of data obtained by alter-
native means brought to the same 1ével of utility.
COST OF RAW DATA

_From our‘field experienece during fhé current foresﬁry

.research project, the following are cost‘i@ems that had to be

considered in-deter@ining the total cost of raw data:
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1. Salaries,

2., ‘InsuranCe,

»30 Transportation,.
4, Equipment,

5. Supblies,

6. Expense allowances.
1. Salaries:

The_data gathgring‘techniques considered in fhis thesis
all rquiré human serVices. These human services are gener-
ally obtainéd by'agreement_with each individual that he will
réceive compensation in the fofm df a salary or wage.infex—
change for his services,

Establishment of appropriate salary levels for data

gatherers is beyond the sdope of this thesis. ‘Instead real-

igstic rates (such as_$3,5o per hour, including QVerhead) will

be used here. The wage or salary should reflect not only the
skills and knowledge a data gabhefer must possess te execute
his functien, but also the undesirable aspects of the job |
(such as hazards he will face).

Pergsonnel hired for other functions as well as for data
gathefing fréquentiy‘will receive a higher salary or wage
rate. than others hired strictly for-data gathering. In most
cases They will continue to receive this higher rate during

periods where their work consists entirely of'data gathering.




-128-

‘This factor must be recognhized when preparing study plans

with cost predictions.

Appropriate wage rates for various data gatherefs may
very well cover a range'comparable fo the range of knowledge
and abilities required to perform the tasks.

The cost of salaries and wages applied to data gathering
can be expectéd to ipnclude more than the salaries payable
Just for the ftime during which data.is being gathered. The
following is a iist of activities for which salaries or wages
are normally paid and which may be chargeable to the data

collection function:

1. Receive instructions,;'

2. Procupe’quipmenf;

3. Procure supplies,

4, Prepare equipment,

5. Load supplies and equipment,
6. Ihspeet and service vehicle,
T. Travel to operation,

8. Explain intentions to loggers,
9. Gather data,

10. Travel to lunch site,

11. Return fto operation,

12. Gather data,

13, Return to headquarters,

14, TUnload supplies and equipment,
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15. Clean eqﬁipment,
16. Turn in equipment,
'17. Turn in unused supplies,
18. Report progress and problems,
19, Personal time,

The above 1ist may not be all inclusive, but it does
include the itéms that were actﬁally_observed“tq be the most
common. Most of the items are‘%isted in a typical daily
sequential position. Some ifems that commonly occur more
Ithgn once during the day have been arbitfarily lumped in one
position (such as item 19, personal time). '

Table VIII presents a typicai eight hour day devoted to
data gathering. Time values indicated are not‘representative
of every data collection day, but they are realistic. The
percent of the day actually availlable for data collection is:
showq for this hypotheﬁiqal day.

Computation of the coét of salaries per hour of time
actually devoted to the gathering of data can be illustfateq'
by assuming the day described in Table VIIIvand a salary rate
of $3.50 per hour. Computations for thisg situatibn are as
follows: )

Wages paid/man day = ($3.50/hour)(8’hdurs) = $28.00,
Data gdthering hours/man day = 2.501,

Wages paid/data gathering hour = 22*281 = $11.20.




TABLE VIII
TYPICAL EIGHT-HOUR DAY

~1 80

DEVOTED TO DATA GATHERING *

ELAPSED TIME

PORTION OF DAY
AVAILABLE FOR DATA

ACTIVITY (hours) GATHERING
1. Recelve instructions G333
2. Procure equipment 0.083
3. Procure supplies 0.083
4, Prepare equipment 0.167
5. Load supplies and
equipment 0.167
6. 1Inspect and service
vehicle 0.167
7. Travel to operation
a. In vehlcle 1.500
b. On foot 0.250
8. Explain intentions to
loggers 0.167
9. Gather data 1.000 1.000 hours=12.5%
10. Travel to lunch site 0.083
11. Return to operation 0.083
12, Gather data 12 B01 1.501 hours=18.8%
13. Return to headquarters 1.500
14, Unload supplies and
equipment 0.083
15. Clean equipment 0.083
16. Turn in equipment 0.083
17. Turn in unused
supplies 0.000
18. Report progress and
problems 0.167
19. Personal time 0.500
TOTALS 8.000 2.501 hoursz31.7%

*This typical eight-hour day devoted to data gathering shows
the breakdown of time consumed by various activities. This
does not represent any form of time standard but is instead
a realistic picture of a possible situation.
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The computations\shown on page 129 indicate that costs of

raw data are inflated by portions of a data gathering day
spent in non-data gathering aqtivities, - It is to be recog-
nized that the day desc¢ribed in Téble VIII is but one of many.
possible activity breakdowns for a data gatherer's day. Fig-
ure 16 illustrates the salary cost per man data gathering ﬁour
versus hours spent in éctivitieg other than actual.data gath-
eriﬁg. An eight-hour work day and a salary level of $3.50

per hour are.éssumed.'

2. Insurance: , _ ‘ ‘

Chapter XV'indicaEes thaf‘obéervers gatheriﬁg logging
data méy‘ffequently be exposed.-to serioﬁs hazards. Extra
insurance coverage may ‘be advisable for peopie engaged in this
activity. The cost could easily be as high as that for log-
gers thémselves. Recent premiums for loggers lnsured by the
State Industriél Accidenﬁ Board of Montana have been 14% of
base salary.

3. Transportation: .

Current transportatlion 1s generally in-the‘form of some
type of over-the-road passenger—carrying vehicle, High
clearance, a transmission with‘a low gear permitting very low
traﬁel speed at relatiyely high ehgine sbeeds, and a locking
differéntial are fecommended characteristlcs of the vehlcle.
Occasionally road conditions make all-wheel drive-desirable.

The cost Qf»the latter may easily amount to 12 cenfts a mile
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for a freguently used ﬁehicle and as high as 25 cents a mile
for one used less than 4,000 miles per year.

Project assessments for vehicle use can be made in many
ways. In this thesis the typieal car rental approach will be
assumed. The vehicle use assessment for a projeet will be
determined as follows:

Total charge = (dally charge)(number of days used)
| T (charge per mile)(miles driven).

Many organizations will already have their own‘methods of
assessing for vehicle use. In such casés, or 1in Ehosé_dases
where readers feel they have better methods,; the approach
suggested here can readilﬁ be replaced.

4, Equipment: |

‘Gathering of operational data'usually involves fhe use of
equipment 6f varfious-types° For example, one study of the
felling, limbing, and bucking operation reduired the following
equipment: '

1. Time lapse camera,
2. Stop watehes (2),
3. Range finder,
L. Loggers tape,
5. Inclinometer,
Equipment costs should bg'charged ag@imst the projects

for which théy are used. These costs would include purchase
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price and any maintenance and repair costs that become nec-
essary,

It is suggested that smaller equipment be comsidered in
the same manner as supplies and that the purchase price of .
each new ltem be charged to the first project requiring its
use. Larger equipment, sqch as the time lapse camera and
aceeseories,may‘be depreciated over. its predicfted useful life.
Then the project.costs will imelude the.approﬁriate depreci-
ation charge plus assessments for repairs and maintenace on
the larger equipment.

5. Supplies:

Ttems such as film, batteries, pencils, and field note-
books may be charged on an as-reeded basgis. Supplies will
have very little, if any, oarry‘over value to the next pro-
ject. . |
6. Expense allowances:

Some data gathering sites are located so far from the
research laboratory or other home base of operations that
daily travel to the data gathering site and reﬁurn to the
home base becomes imprectieal. To illustrate this point,
consider a situation in Which-daﬁa gatherers work an eight—
hour day and are not expected to travel on thelr own time.
Then any lecation.requiring four hours or more to travel .to
the operation site and‘a like .amount of time for the return

trip'leaves no time for data gathering.
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The typical solution to this type of problem is to sebt up

' sueh as a motel room or

a temporary "field headquarters,'
cabin, which is closer to the data gathering site. Personnel
are then commonly compensated for the expenses of living away
from home through the provision of some form of expense allow-
ances.,
Studies in locations close enough to permit daily round
'~ trips and still allow time for data gathering will sometimes
be more economical if a field headquarters ean.be established
that is closer to‘the operation, The appropriate cholice
should then be based on a comparison of total costs of gath-
ering ali the data required for a study or on the cost per
unit of data gathered.
'SﬁMMARY_OF RAW DATA COSTS
A cost cbmputation sheet for the day described in Table
VIII might resemble the example illustpated in_Table iX, _
| Assuming that the cost sheet of Table IX is for the day
described in Table VIII and that the activity breakdown of
Table VIII applies to both men, the cost for that day amounts
to $23.20 per man data gathering hour. Computations are as
follows: ‘
Total cost for day = $116.40,
Da@a gathering time, each man Z 2,501 hours,

Total data gathering time, two men = 5,002 hours,

“Total cost - $116.40
Total data gathering time ~ 5,002 hr

= $23.20/hour.
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TABLE X
DATLY COST SHEET#*
(sample)
Date: July 7, 1965
Salaries:
1 man at $3.50 per hour $28.00
i man at $4.50 per hour | 36,00
Insurance: ' 10% 6.40
Transportqtion: |
Vehicle reservation . | 5,00
Mileage charge $.15/mile x 80 miles 12.00
Equipment charge: : ' ' 8,0Q
Supplies:. ' 21.00
Expense allowance: : nqne'
Total cost for day: - $116.40

#A sample daily cost sheet for data gathering performed by
two men. The equipment charge is for the use of time lapse’
movie equipment, Supplies include field notebooks, pencils,
and two rolls of color film. Fllm price is assumed to in-
clude a charge for processing.

The'relationship of cost per man data gathering hour to
the portion of data gatherer's day spent in other activities

is illugtrated.for the cost of a man's salary in figure 16,

This same relationship considering total costs rather than
cost of a man's salary will usually follow a pattern very

similar to that of figure 16.
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COST OF REDUCING RAW DATA TO USABLE INEORMATION

Early in this chapter'it was mentiloned that valid compar-
isons between altérnative methods could only be made if the
data were brought to the same level of utility. This is be-
cause the cost of extracting required information from the raw
data will seldom be the same for two or more different methods
of obtaining the raw data.

~ For example, in one case where time lapse fiims were
takeﬁ with a ten second inferval, anélysis of ﬁhe film simply
$0 determine the elemental phase pictured in each frame pro-
ceeded at the raté of two frames per minute on the average.
Thus, a single one hundred-foot roll of film would reguire
more than four days of an analyst's time for this simple
analysis,

Information similar to that described in the previous
paragraph has also been obtained by fiied interval work sam-
pling using only a watch, field notebook, and pencil. An
interval of one minute was used (yielding one-sixth the number
of readings for a given time period as the time lapse method ).
Thus the number of reading was reduced by this method, but
ldentification of elemental activitles was already provided
in the raw data,

A COMPARISON OF TWO METHQDS FOR OBTAINING SELECTED INFORMATION
'An estimate of the percent of total on—tﬁe—Job tine speﬁt

in each of five activity classifications is sough®. The two
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methods for obtaining the information are mentioned briefly

in the previous two paragraphs. The first involves time

lapse photography at_a ten second interval followed by film-

analysis. The second involves simple recording of thé activ-

ity classification in a field notebook gt one minute inter-

.vals,

For comparison of fhe“twq methods .we need consider only

the differences. Many

the

same in both cases.

the items that will be

the

method chosen:

l.

Daily cost
Daily cost:

Daily cosf
Daily cost

items will bée the same or very nearly
The following list inecludes many of

the same (essentially) regardless of

of salaries,
of insurance,
of transportation,

of expense allowances.

Differences between the two methods include the fol-

lowlng:

Time lapse

. - Time lapse

equipment more'costly,

_supplies more costly,

More data gathering interruptions with time lapse

phqtography,

Time lapse’

‘provides more frquent readings,’

All time lapse data is visual; alternative method '

also permits use of sound for element ldentlifica-

tion,
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6. Data reduction much morel@ostly with the use of
Films. -

'From the list of differences it appears that choice be-
tween the twolmethods of gathering data should be based on a
comparison of the value of more frequent readings obtained
using time lapse photography aéainst the higher cost and
slightly reduced period of study.

A time lapse study of, say, six hours duration at a ten
second”interval requires 2160 ffames. Analysis‘of this film
strip at a rate of two frames per minute réquires one and one-
hélf days. If approximately a six hour study can'be made in
oné day, then the extra cost associated with time lapse pho-
tograﬁhy‘invthis one day example includes an additional one
and one-hélf days of analyst's time, purchase and development
of one roll of film (assuming the unused portion is not éaved
for another stﬁdy), and the extra . .cost associated with use of
The time lapse camera and- accessory equipment on the day raw .
data is gathered.

The féregoing example 1s not indicative of all compar-
isons involving time lapse photography as one of the data |
gathering alternatives, For example, an operation descripf
tion may in some instances be adequately covered with nothing
more than a time lapse film. . Comparable descriptions by other
methods may be muech more costly than the film record, or may

even be impossible.
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Costs of obtaining raw data and of reducing this data to
useful infdrma;ion.are high. These costs are an extremely
important consideration in the design of any logging study
both for selection of the method that minimizes cost of infor-

mation and for determining whether or not the information is

worth fthe price.




CHAPTER XV
SAFETY IN DATA GATHERING

~ Logging is a hazardous industry. Of 166 industry class-

fica?ions listed in Accident Eacts, aupublicetien'of the
Nationai Safety Council, logging industry had the fourth
highest injury "frequency rate" and the fifth highest injury
severity rate. The only industries with higher
(l p.36-37)
frequency rates were underground anthractie coal mining, the
harbor equipment segment of marine transportatien,_and the
sugar beet industry. Industries with higher severity rates
'were underground anthracite coal mining, underground bitumi-
nous coal,mining, the structural end ornamental metal work
segment of the construection industry, and the.undergreund
mining of_metals° Aecident frequency ratee and severity rates
for selected indusﬁries are presented in Table X.to more fully
illustrate the nonenviable accident reecord of logging.
"Frequency rate" and severity rate" are,terns estab-

1ished by safety engineers They are used in classifying data

. in Accident Faets, Definitions of these terms are reproduced

here to clarify the previous paragraph.

"Frequency rate is the number of disabling work
injuries per 1, 000,000 employee-hours exposure.

. "Severity rate is thetxmal.days charged for work
injuries pe?¥ 1,000;000 employee-hours exposure.
Days cecharged include actual calendar days of dis-
ability resulting from temporary -total injuries,
and scheduled charges for deaths and permanent
disabilities. -These latter charges are based on
6,000 days for a death or permanent total dis-
ability, with proportionately fewer days for
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permanent partial disabilities of varying degrees
of seriousness.
(1, inside back cover)

An observer gathering logging data can readily subject_.
himself to many typical hazards encountered in logging. In
fact, some of thé hazards are more dangeroué to the data
‘, gatherer than tQ the logger since attention to details of
data gathering often distracts one's atteﬁtion away from
potential "widow makers" and disablers.

‘ SOME CAUSES OF LOGGING ACCIDENTS

Although the author has not made an extensive exami-
nation of logging accident reports, a brief .survey of the'
files of the Industrial. Accldent Board at its offices in
Helena, Montana, indicates that lqggers are most frequently
killed by i) the 1limb of a tree which is either falling or
"flying," 2) a falling tree, or 3) a falling log,. (i.e:. a
section of a tree). These also appear to be the most
critical hazards for data gatherers°
FALLING.OB_"ELXING" LIMBS

A‘standing_mature lodgepole commonly has some limbs
that are noulgnger_secﬁrely attached to the trﬁnk° An
observed characteristic of the lodgepole is:that as it
matures it loses its lower limbs. Trees with limeVStill
in place but not securely held are common at cutting time

when mature trees are harvested.
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TABLE X
ACCIDENT SEVERITY AND FREQUENCY RATES FOR
SELECTED INDUSTRIES FOR YEARS 1959 - 1961

Severity Frequenc
Rate Rank Industry Rate Rank
14,379 1 Anthracite mining 79.01 1%
7,680 2 Bituminous mining 26.45 7T
5,935 3 Structural & ornamental metal work 25.76 10
5,587 4  Metal mining 26.36 9
Ry p SO SR L A S e SR R BTN U 32,32 &
3,037 8 Highway construction 30.46- 8
3,329 9 Nonmetal mining 18.46 21
3,245 10 Heavy construction 26.37 8
2,658 12 Stevedoring 19.16 18
2,656 13 Sand and gravel 20,88 T17T

2,529 15 Harbor equipment (transportation) 4o,17 2%
2,410 16 Construction work, not building 22.57 13
2,079 19 Mining, surface 8.73 19
1,976 - 20 Concrete products and ready mix 21.88 1%
1,691 24  General building construction 18,68 .20
1,687 26 Sawmills 22,87 13l
1,543 30 Wood preserving 16.06 23
1,478 32  Wrapping paper 5.66 103

1,472 33 Sugar, beet 33.69 3%
1,221 42  Private yards (shipbuilding) 10.96 45
1,098 48 Pulp mills 6.23 96
888 59 Paper mills, unspecified 7.03 83
T3T 70O High explosives 1.95"153
695 79  Park employees (municipal) 18.82 19
583 92 Structural steel fabrication 1001858
539 94 Agricultural (machinery) 6.08 97
327 125 Wood containers 9.06 64
276 132 Furniture 8.04 73
222 143 Heavy electrical equipment 2.13 146
39 166 Small arms ammunition .37 166

Ranks among 166 industries listed in Accident Facts (1,p.36-37)
are indicated for the industries included in this table.

*Frequency worse than logging.
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The limbs can fall or fly as a result of one of several
possible causeé.. The more common causes are included in the
following list:

1. Wind,

2. Brushed by another tree,

3. Movement of tree when felled,

4 Whip actlon as standing tree straighténé after
being bent by a falling trée»brushing the
standing tree,

5. Trees bumped in skidding operation,

6. Maturing of tree.

1. Falling limbs, a result of wind:

Wind can and does free dead limbs that have remained in
place on a standing tree. The effect of‘wimd on the limbs of
trees left standing becomes greéter as other trees in the
lmmediate vicinity are felled. Sta@dihg trees are thereby
left more exposed. .Naturally, strong Winds are ﬁore often
critical than light breezes.:

2. TFalling limbs, a result of being brushed by another tree:

Limbs may be knocked loose when a falling tree brushes a
gtanding tree. The causes:of trees falling will be discussed
later in this chapter.

3. Falling and flying limbs, a result of movement of tree
when felled: ' , : ‘

Occasionally a limb is so loosely attached to a tree that .
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Just the movement of the tree as it‘starts to fall Will cause
the 1imb bo fall. It is also possible for a limb to be
snapped free, a8 a tree hitsrthe ground, shérply enough to
effectively "throw" the 1limb.

L, Palling and flying limbs resulting from whip action of
standing tree: ‘

A falling tree can.fall against another tree. Sometimes
the falling tree will cause the standing tree to bend severly
and then will pass on by. The standing tree thus bent and
released will tend to "whip" back to its natural position,

A weak branch can be thrown with dangerous sbeed as a result
of this whip action. A
5. PFalling limbs from trees bumpedlin skidding:‘

Trees bumped in a skidding opération may be jarrea’suf—
ficiently to knock off weak limbs. The tree may be bumped by
the skidding machine or by thé "drag" of logs being skidded.
6. Falling limbs resulting from maturing of a tree: |

Occasionally a 1imb will fall even though there is no
"apparent" external force. This is not common but can result
simply from the support strength becoming insufficient for
the weight of the limb, particularly when the limb dies.
Usually an external'foree such as wind will cause allimb to
fall prior to the time when it would ﬁall'due.simply to its
own weight. Maturing of é tree-(aeéompanied by the death of

some of its 1limbs) normally combines with other factors
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causing limbs to fall and is therefore an important, but
Seldom a singular, cause.

FALLING TREES

Falling trees are an integral part of the "felling"

‘operation as currently practiced. Even though the desired
result of the operation is that the tree should fall to
earth, the feller has only limlted control over the fall. He
has some control over what direction the tree will fall and
usually can exercise some contyol>over the time at which the
tree will begin to fall. That is about the extent of his
control, and even the directlon and timing of the tree's fall
can be sufficliently influenced by other factors so as to make
the feller's control insignificant.

Wind is perhaps the most unpredictable factor limiting a

feller's control over direction and timing of the tree's fall.

The typical lodgepole top acts'very much like a large sail
placed on top of a high mast. The effect of wind on the tree
top can be far greater than the uninitiated might suspect
Judging from the breeze he feels a few feet off the ground.
In addition to the felling operation, there are'other

causes resulting in falling of standing treesf A list of
common cawuses follows: _

1., The felling operation (already aisoussed),

2., Wind, |

3. Beilng struck by other trees,
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4, Tractors or other machines bumping or pushing
agalnst standing trees. This is expeclally true
of pine trees with shallow root systems due to
rockyvsoils;

5. A "drag" of logs bumping or forcing against a tree
while the drag of ;ogs is being skidded.

Palling trees, causes cher thén felling:

The chances of a tree falling as a result of causes other
than the felling operation are greater for dead trees than for
living trees. There are two reasons for this. First, dead
trees are weaker, especilally 1if partly rotted, than living
ones. Second, dead trees or trees with serious rot conditions
are not marketable and are often left standing when sound
.trees are felled. They are therefore left exposed to the full
impact of wind and to other possible forces mentioned in the
list of causes of trees falling.

FALLING LOGS -

Logs can roll off a loaded or partly loaded truck, or
they can come loose from the tongs of a loader or jammer skid-
der. In any of these situations, the fai;ing logs-are po-
tential killérs to anyone in the path éflféll. The author
himself obéér&ed no situation wheré-a data gatherer needed
to come into the potential path of fall of a log. Data gath-
erers, howevef, should bear in mind the importance of keeping

a safe distance from loaded trueks, loaders, and jammer
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skidders since the first accldent due to a falling log is
also usually the last.
ADDITIONAL LOGGING HAZARDS
Although the hazards already discussed appear to be the

most frequent killlers, there are others, ineluding the
following:

1, Rolling logs,

2 Power saws and other cutting tools,

3. Unsure footing,

4. Machines used in logging.

PRECAUTIONARY STEPS FOR DATA GATHERERS
'TO AVOID THE CAUSES OF LOGGING ACCIDENTS

An obvious method of avbiding injuries.inflioted by
falling or "flying" limbs, falliﬁg trees, or falling logs is
to avoid being struck by'any~of them. This can best be accom-
plished, of.course, by staying out of the woods.

Staying out of thé woods, however, is not a satisfactory
"problem solution." To gather mueh of the désifed data about
logging, data observers.must go into the woods and must, in
fact, stay relatively close to the operations (at least this
is the case if present work study methods are used).

A realistic solution involves somé risk of injury to the
data gatherer. However,'fh;$ risk is to_be minimized as far
as possible. A first step is to understand the dangers in-

volved. The second is to avold the dangers, unless they




-149-
cannot be avoided in gathering the data; and if they cannot
be avoided, proceed with care, ,

‘ Whefe‘appreciable risk is present, the value of the data
should be weighed against probable cost due to the risk of
gathering it. Even i1f one takes a "qonoerned about money
only" attitude, it is well to bear in mind that accidents are
very cecostly. :
(13, Chapt. 3)

DRESS FOR SAFETY

Where~safety dévices ére availlable, use them; where they
- are not,_wprk to secure them, _

A hard hat worn in the woods may turn-a killer of a
falling limb into!a'source of momeﬁtary (or relatively brief)
discomfort. Of course, in the case of a falliné'tree or log
the hard haf 18 not apt to provide much protection. However,
the chance of feducing the effect of some hazards makes the
‘hard hat worth wearing. -

Boots featuring good tréction and ankle supporﬁ.should be
worn., Trousers should be stagged, or if they are not stagged,
they should not be too long. Cuffs on trousers must be
avoided. Do not wear a wide belt. If your pants will not
sfay up, use suspenders. Do not wear a scarf. If your neck
gets cold, try a turtlé%neck sweater. .

Avoid all loose ends in wearing apparei°
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BE ALERT FOR .HAZARDs |

Wearing the safest clothing possiblefreduces the dangers
only a small (althpugh significant) amount. Common hazards
have been discussed. Study them until they are well undef;
stood, then watch for them constantly and'avoid thém at what-
ever cost of time may be required.

Be on the alert alsd_fdr other hézards not included here,
recogniziﬁg that this is by no means an all inclusive summary
of logging site dangers. .

Lastly, do not let familiarity breed contempt for danger.
One ecannot win a psyehological warfare with snags and falling

trees.,




CHAPTER XVI
A PROPOSED DATA GATHERING SYSTEM

Earlier ehapters have discussed four methods of data
gathering'in considerable detail. These methods are l)_timé
lapse photography, 2) standard speed and slow.motiqm piotures,
3) stop wateh time study, and 4) work.samplingo_ This chapter
deals With the problem of combining the four methods into an
‘effective system which is aimed at obtaining the greatest data
value for the lowest investment.

Difficulties and drawbacks sometimes_associatéd with each
method have been discussed in earlier chapters. For the most
part, adversities and thé problems they present will not be
repeated here, instead the potemtials.of,the system will be
presented for non- restrietive conditions. The reader is
directed to earlier chapters for discussion of method 1imi-
tations for each data gathering method.

The most effective combination of the four'data gathering
methods into a data gathering system wilill depend upon the
circumstances of each situation encountered,_ Therefore, since
the nuﬁber of possible situations is large, this chapter
attempts only to indicate what the system can and cannot do
(using bnly”thé'fdﬁf'méthodé'iistédziﬂ'thé ffrét'péfagfaﬁh»of
this chapter) and guidé planning of the system for economical

application to particular situations.
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CAPABILITIES OF THE SYSTEM

_ The capabilities of the system are, 1ln effect, the
cqmbingd capgbilities of the four daba gathgring methods.
Thus if a data reguirement can be met by any method employed
in the system, it can be met by the system, Table XI in-
dicates individuwal method éapabilities and total system
capabilipies for gathering typlcal types of information.

A data gathering system composed of the four data methods
examined in this thesis can be used to gather some but not all
of the types of data described in Table XI. In some cases
simple additional aids canm be used to obtain information _
outslide of the capabilities of these'four methods . Additional

ailds would inelude items such as pedometers for measuring dis-

_ tances workers walk in performing logging operations and in-

struments for measuring the ground slope in the area of the
operation. These additional aids.are, however, outside the
scope of_this thesis,

Most data that can be .obbained with the system can be

obtained with more than one of the individual methods. In

these cases 1t becomes necessary to select a methed or methods

for most efficient gatherihg of required data.
_AP;ANNINQ'TﬁE DATA gATHERiNq SYSTEM
Selection 9? the~mgthod or-compingtion pf-methpds for.

most effective gathering- of required data may-be based on-a

- comparison of two factors, namely 1) cost of gathering data,
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TABLE XI
INDIVIDUAL METHOD CAPABILITIES AND TOTAL
SYSTEM CAPABILITIES FOR GATHERING TYPICAL
TYPES OF INFORMATION

Data Gathering Method

Time Standard
Lapse Speed & Aggregate

Data De- |Photog- Slow Motion Stop Watch Work of Four
scription | raphy Pictures Time Study Sampling Part System
1) Elapsed
times Yes Yes Yes No Yes
2) Dis-

tance mea-

surements No No No No No

3) Opera-

tion time
apportion-
ment Yes Yes Yes Yes Yes
4) Methods

record Yes Yes Yes No Yes
5) Motion )
study data Yes Yes No No Yes
6) Opera- i

tor rating No Yes Yes Yes Yes
7) Delays  Yes Yes Yes Yes Yes
8) Envi-

ronment

variables

(other than

time and

distance) No No No No No

0) Multi-

ple man &

machine

ata Yes Yes No Yes Yes

Columns under data gathering methods answer the question, "Is
this type of data normally obtained through application of
this method?"
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and 2) value of déta in‘terms of results, giving-due con;
sideration to difficulties and drawbacks associated with
each method considered.

The following section discusses in general terms the
comparative merits of the methods that can be applied to
gather each type of data listed in Table XI. More spéeific
comparisons can be made when specific data requirements for
a particuiaristudy are determined.

1. Elapsed times:

Elapsed times can be recorded through application of
three of the four data gathering methods studied here, namelys
a) time lapse phofography, b) standard speed and slow motion
pletures, and c¢) stop watch time studyo, Selection of one over
the other two will depend upon the situation,

Stop ﬁatch,time study is generally the least costly where
sufficlent and satisfactory data can be obtained. Gost of
time study is‘nét a gfeat.deal_les§ than the cost of time
lapse film records. However, by the time film is"analyzed to
extract elapsed time data, cost of film data can be several
times the cost of stop watch time study data. '

Time 1apse'photogréphy; though more ééétlyithan stop
watch'time studies, may in certain cases have sﬁfficient value
to override the extra cost. Four situations where this may
oceur .are the following: .1) greater-aceuracy required,

2) operation too irregular for time study, 3) multiple men
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and machines to study simultaneously, and 4) avoid dispﬁtes

_ovér time data.

Standard speed and slow motion pictures should rérely,
if ever, be used in logging for elapsed time measurements due
to excessive costs of the_films and film analysis, the ex-

tremely short period that ecan be studied with one roll of

f1ilm, and the infrequent need for the detail of time break-

down obtainable with such a film, The only exception visual-
ized by the author at this. time 1is the possibility of a motion
study of a machine operator which requires extremely accurate
time values rela?ed to the motion patterns.

2. Distance measurements: .

Crude approximations of distance measurements can some-
times be taken from films (either time lapse or étandard
speed and slow motion pictﬁres); hbwever, most distance mea-
surements are expected to require use of tape measures, range
finders, and other measuring devices.

3. Operation time apportionment:

_ Operation time apportionmment data can be obtaimed with
any of the four methods studied here. The author's eXperience
indicates'ranking of the four metheds from the least costly
to the most eostly will generally be as follows: 1) wbrk
sampling, 2) stop watch time.study; 3) time lapse photography,

and 4) standard speed and slow motion pictures.
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Fiied'interval work sampling using an interval of one
minute or greater will generally be found te be the most easily
applied of the four methpds for situations where data obtained
by this method is adequate.

Operation time apportioﬁment using time study data or time
lapse photography will seldom be ecomomicai unléss other data
requiring one of these methods i1s also required. It is doubt-
ful that standard speed or slow motiom plctures will ever be
useful for operation time apportionment. .

4., Methods feqord: A

Either'time lapse'or standard speed and slow motion pic-
tures or elemental breakdown by stop watch time study can be
used to obftain a methods record. Approﬁriate sglectiom will
depend upén cycle time, consistency of cycles, and method
detgil desired. Time lapse films will? of course, be less
costly but will also be less detailed than standard speéd or
slow motion movies.

5. Motion study data:

Highly refined and detalled motion study data can be
obtained With standafd Speed a@d‘slow motion pietureé° Spch
data‘may be of importance'for studies of operatofsf movements
to contro; various logging machines.

Movements of a logging machine itself may be sufficiently
recorded-by time-lapse- photography,: particulariy if,shorter

intervals such as one-half second or one second are used.
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6. Operator rating:

Movies taken at standard speed and then projected at the
same speed can be feviewed several times and by‘several people
to arrive at an operator rating. The rating is then, of
eourse, based on the small interﬁal of time covered by the
particular film record. Several rating films can be ‘taken at
different times and for different working conditions in ofder
to minimize bilas due Eova éingle observation., Bias for any
one particular: £ilm can be minimized through a éombimed
rating of several beople (provided these people ére'eapable
of proper pating aﬁd strive to give an aecuraté-ratimg).
Care must‘be taken, however, that the period rated is'truly
representative of the typicallwork period.

Rating may also be accomﬁlished as part of.a‘stop watch
time study or a work‘sampling study. Generally, the person
making the study‘can rate the operator periodically through-
out the study, but the rating will be subject to bias imposed
by the best Judgment of one individual. This is, however,
the most.common.method; Necessarily the lone rater.must be
highly objective in his work and be thoroughly trained.

7. Delays: '

The amount of'timé odcupied‘by delays canvbe‘determimed

by an "operation time" apportionment study. Placing delays

into specifid categories can be handled in the same way.
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Work sampling will generally be the least costly method of
obtaining this data as indicated on page 155,
Methods data (see .page 156) records are expected to be
of the most value in studies aimed at eliminating or reducing
delays.

8. Environment variables (other than time and distance):

Environment variables refer %o such things as ground con-

ditions; snow, rain, wind, and other weather variables;

slopes; cgndition of‘machineé and'toqls; and many others,

‘Some may be recorded on film by the photographic techniques,

but many will require supplemeﬂtary data gafthering aids.
9; Multiple man and machine data:
t This 1is really just a special case which may require any

of the first elght types of data listed in Table XI.

Previous disoussions will generally apply to this special'

case with one exception. The one exception is that stop watch
time study is frequently impractical for colleeting multiple
man and machine data. ,
STUDIES:REQUIRING:MOBE THAN ONE TYPE OF DATA

The.precedimg discpssibn applies primarily to studies
in%olving independenﬁ data qollection for each oflsevéral"
kinds of data in a given study.

Maﬁy studies . require simultaneous gollection-o£.data of
several types. -Data -gathering systems may then be designed to

use more than one data gathering method or to collect two or
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more types of data using one dabta gathering.method; it is
also possitle to use more than one method with each method
beipg used to coilect one or more_types of data.

To design a system for collection of_several typeg of
data, specific data requirements must be known. Rather than
attempt to enumerate and anal&ze all the possible data
requirement ceombinatlons that could occur;, the author will
discuss only one typical situation.

PLANNING A DATA GATHERING SYSTEM: AN EXAMPLE“:h_

Su?pose for a pafticulgr operation the following data is
required:

1 Methods record,

2. Total eyclé time for 20 cycles,

3 Element time breakdown for 10 cycles,

4, Operator rating. |
Assume total cyele time normally falls in the range of one to
two minutes. This.same information is required for a large
number of similar operétions, so that careful consideration
of the methods %o be employed is warranted. For purposes of
illustration, let it be assumed that only the four methods of
data gathering examined in this thesis can be used.

Table XII repeats a part of Table XI for the four types
of data required in this example. It may be noted that "stop
watch time study” and "standard speed‘and-slow motion pie-

tures" are the only data gathering methods capable of
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obtaining all of the required data. From this one might make
the highly uneconomical decision to obtain all the required
data by recording twenty cycles on film using standard speed
or slow motion photography for all twenty cycles (call this
alternative #1).

TABLE XII

PORTION OF TABLE XI*
Data Gathering Method

Standard Speed

Data De- Time Lapse & Slow Motion Stop Watch Work
scription | Photography Pictures Time Study Sampling
hethods

record Yes Yes Yes No
Elapsed

times Yes Yes Yes No
Operator

rating No Yes Yes Yes

*¥This table repeats the part of Table XI which is appropriate
to a selected example situation. Columns under data gath-
ering method answer the question, "Is this type of data
normally obtained through application of this method?"

A considerable saving from alternative #1 could be real-
1zed by filming one cycle at standard speed and then filming
19 cycles using time lapse photography (call this alternative
#2). All cycles could be used for the methods record and
total cycle times of 20 cycles. Any ten could be used for
element time breakdown. Operator rating could be done using

the cycle filmed at standard speed. This assumes, of course,

that the one cycle filmed at standard speed is actually
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representative of the average; otherwise, enough cycles would
need to be filmed to obtain a statistically significant
sample~-at least five cycles.

Stili further cost reduction might be possib;e if ten of
the twenty cycle. times were recorded by stop watch time study.
Rating could be ac¢complished eilther by recordihg one cycle at
standard speed and analyzing the film strip or as part of the
stop watch time study (alternative #3).

If elements are known and readily discecernible, all data
could be obtained with a stop watch time study (alternative
#U)Y., This could conceivably reduire an even smaller invest-
ment,

Many other combinations of the four methods are possible
and will provide the_requiréd data. It becomes apparent that
consideration of all possible alternatives could become an
unwieldly prbblem, and selection will:therefore generally be
based on an analysis of a relatively small number of alter-
natives chosen intuitively in the first place. As mentioned
earlier in this chapter, selection of the one alternative for
actual use can then béAbased on comparison of data costs and

data value. for the several alternatives.




CHAPTER XVII
CONCLUSIONS RELATIVE TO THE HYPOTHESES
... [THE MAJOR HYPOTHESIS |

The major hypothesis underlying this thesis submitted
that a dafa gathéring system for logging is feasible. Ma-
terial preéented in this thesls neither proves nor dlsproves
the major hypothesis, but 1t does present considerable
support. of a positive nature. o

. The author believes it is worth mentioning that one

gréat data gatheriﬁg system to cover all posslble data re-
gquirements may very weli be'impracticalg‘although specific
systems to match specific data requirements appear very use-
ful and préetical._ . '_ |

Literature studied in connectién with this thesis gen-
erally describes specific data gathering methods or systems
designed to deal with acquisition of specific data. After
attempting to conceive a great data gathering system to meet
all data needs 1in logging studles, the author suggests that
This approach 1s commonly avolded due to The enormlty of the
problem relative to the value it might provide.

| | THE SECONDARY HYPOTHESIS

The secondary hypoﬁheéis is conéerped with the relation-
ship of data cost to data value. Much more information rel-
ative -to data cost and data value 1s needed before wvalid
conclusions relative ﬁo this Secondary hypothesis can be

. stated.




CHAPTER XVIIT
RECOMMENDATIONS FOR FURTHER STUDY

Several possible areas of further study have been exposed
in connection with this attempt to produce a data gathering
system. Some have already been mentioned throughout this
thesis. This sectlon briefly mentlons some specific areas for
possible further study. |

CATALOGUE SPECIFIC DATA GATHERING SYSTEMS

Although it may be impractical to develop one great data
gathering system to cover all possible data requirements in
logging, 1t appears practical and perhaps desirable to de-
sceribe specific data gathering systems applied to specific
gituations (including costs and value of data) and to cata-
logue these specific systems for further reference.

MEASUBEMENT OF LOGGING ENVIRONMENT VARIAB;ES

Teohniqués for measuring some of the many variables in

logging (particularly those affecting logging costs) warrant
further study. Currently this problem is largeiy unanswered,
particularly where the variables are to be measured and re-
lated to particular cyeles of logglng operations without.
interfering with the operations.

IMPROVE ON DATA GATHERING METHODS ALREADY ANALYZED_

This includes such things as reeommended'equipmen£ modi-
fications included in Chapter IVménd relagting to time lapse
equipment. Some work has already been done inlthis_area (for

examples see Appendix I), but much more work can still be done.,
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APPENDIX




APPENDIX I

' Two modifiéations"to the originai time lapse photogfaphy
equipment'have been made since the beginning of this study.
They ave the following: |

1. Intervalometer modification,

2., JSultcase replacement by back pack.
The modifications are discussed separately in the‘following
sections. ,

.. . INTERVALOMETER MODIFICATION

The origilnal intervalomgte? has beén modified from a unit
"with_a continuous range of speeds to one with a choice of two
speeds, each of which is specifically and positively selected.
For practical applications, the continuous speed selection
.range permits'only approximate selection.

The modification has resulted in simplified operatioﬁ and
" reduced welght, bulk, and awkwardness of time lapse photogi
raphy equipment.

SIMPLIFIED OPERATION:

The modified intervalometer permits speéific, pdsitive
interval seledtion. Thus 1t is possible to eliminate the
cloqk, Operation simplifications résulting therefrom may be
found on paées 55 through 63.

REDUCED WEIGHT, BULK, AND AWKWARDNESS: .
--Reduced weight, bulkirand‘awkwardness-have_resulted from

elimination of the elock and clock arm as well as physical
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physical changes in th e intervalometer itself. The weight
reduction is i1llustrated in Table XIII. Reduced size (bulk)
of the intervalometer is illustrated in figure 17. Awkward-
ness has been reduced by 1) elimination of clock and clock
arm, 2) reduced size and weight of intervalometer, and 3)
attaching modified intervalometer directly to camera support.
The photograph of figure 18 illustrates the comparable

awkwardness of the original and modified time lapse equipment.

TABLE XIII
ILLUSTRATION OF WEIGHT REDUCTION RESULTING FROM
INTERVALOMETER MODIFICATION AND CLOCK ELIMINATION

Original Weights After

Item Weight Modification
Camera with attached actuator-
counter 6.53 1bs. Unchanged
Light meter 0.45 1bs. Unchanged
Tripod assembly 4,45 1bs, Unchanged
Intervalometer 5.50 1ba. 1.92 1bs.

Cable, 10 feet (modification has
shorter cable) 0.37 1lbs, o 0y i -

Clock arm assembly and clock (part

of assembly retained as support

for camera and intervalometer) P o e 1] o - B 0,53 l1ba.
Titling pencll and field note book 0.22 1bs, Unchanged
Film, per 100 foot roll 0.43 1bs. Unchanged

Carrying case 14,35 1bs, Unchanged

Total 34.05 1lbs. 29.05 1bs.




Figure 17: This shows a comparison of the physical size of
the original and modified intervalometers.




Figure 18: The photograph illustrates comparable awkwardness
of the original and modified equipment set up and ready for
field use.
SUITCASE REPLACED BY BACK PACK

As mentioned on page 51, the equipment carried in the
original sultcase creates a heavy load poorly distributed on
the carrier for woods travel. The suitcase has been replaced
by a specilally made compartmentized canvas bag mounted on an
aluminum pack frame. The resultant weight reduction is
illustrated in Table XIV. Figure 19 illustrates the old and

new equipment carriers ready for use.
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TABLE XIV
ILLUSTRATION OF WEIGHT REDUCTION RESULTING
FROM REPLACEMENT OF SUITCASE WITH BACK PACK

Weights with

Item Suitcase
Camera with attached actuator-
counter 6.53 1bs.
Light meter 0.45 1bs.
Tripod assembly 4,45 1vs.,
Intervalometer 1.92 1bs.
Cable 0.17 1bs.
Support for camera and inter-
valometer 0,53 1bs.,
Titling pencil and field note
book 0.22 1bs.
Film, per 100 foot roll 0.43 1bs.
Carrying case (or back pack) 14,35 1bs.

Weights with
Back Pack

Total 29.05

1bs.

Unchanged
Unchanged
Unchanged
Unchanged
Unchanged

Unchanged

Unchanged
Unchanged

oL dbe,

21.87 1bs.
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Figure 19: This is ‘an illustration of the old and new equip-
ment carriers loaded and ready for woods travel.
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- In addition to weight reduction and better load

position for the earrier, the new pack sack provides pockets .

for several itéms that cannot be carried in the original
case. Addition items that can be carried in the pack sack
are as follows:

‘1, Pencils,

2 First aid kit,

3. Extra batteries for intervalometer,

L, More film,

5. Serewdriver (for changing batteries),

6. Camera and equipment fully assembled for oper;

ation,.
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