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SECTION I 

INTRODUCTION 

BACKGROUND 

From 1973 through 1975, a study was conducted at the Civil Engineering 

Research Facility (CERF) to evaluate the usefulness of the IBM Vehicle Sched- 

uling Program for scheduling refuse collection at Air Force bases. This study 

indicated that reductions in manpower and total mileage of up to 20 percent 

could be obtained in some cases. The large amount of human effort required to 

put the final routes in a useable form resulted in the development of the cur- 

rent CERF Refuse-Collection Scheduling Program (RCSP). This program produces 

a printed schedule and maps which can be used directly by the driver of the 

collection vehicle or in reports. 

OBJECTIVE 

The objective of this effort was to utilize RCSP to determine optimum 

refuse-collection schedules for four Air Force bases. These test bases provide 

the necessary diversity of refuse-scheduling problems so as to determine the 

program's range of applicability. With the program's capabilities determined, 

its potential for Air Force wide implementation can be evaluated. 

SCOPE 

This report presents the results of the scheduling efforts for dumpster- 

type refuse collection at one of the test bases—Offutt Air Force Base, 

Nebraska. The data required for scheduling are discussed briefly and the 

difficulties encountered with widely separated pickup locations, which are 

typical of dumpster-type collection, are presented. The original and RCSP 

routes are presented on maps and as printed schedules. 

1 

(The reverse of this page is blank.)   
-U,Wi !••     K-B »—•!..    | r 



SECTION II 

DATA REQUIREMENTS 

The data available for Offutt Air Force Base included two maps, one show- 

ing the three collection routes on base and the other showing the location of 

the sanitary landfill relative to the base. There are 48 refuse-container 

locations. In addition to the maps, the following information was provided: 

1. speed limits on base vary from 10 to 30 miles per hour, 

2. the speed limit on Highway 73-75 is 55 miles per hour, 

3. an average of 6 cubic yards of refuse is collected at each 

container, 

4. there are no one-way streets, 

5. the average speed of the refuse-collection vehicles during 

collection is 6 miles per hour, 

6. the average stopped time at each pickup location is 185 

seconds, 

7. the average unloading time at the sanitary landfill is 15 

minutes, and 

8. two Dempster tilt-frame trucks with 30-cubic-yard, demountable, 

selfloading, compactable units are used. 

The speed limits on individual streets are not indicated, so 15 miles 

per hour was used in populated areas and 25 or 30 miles per hour was used in 

uninhabited areas, depending on the length of the road. The error in time 

introduced by incorrect choice of on-base speed limits can be bounded. The 

maximum on-base travel amounts to almost 6 miles for RCSP route 1. If all 

on-base speed limits were 30 miles per hour, the travel time would be 12 min- 

utes, but if all on-base speed limits were 10 miles per hour (the lowest indi- 

cated for Offutt Air Force Base), the travel time would be 36 minutes. The 

speed limits used by RCINPT fall between these values, so the error caused by 

incorrect speed limits in the time schedule for the on-base part of the trip 

must be less than 24 trr'nutes. If a vehicle deviates by more than 24 minutes 

from the route 1 schedule, the error must come from some source other than 

the speed limits; e.g., the stop time may be in error. The on-base travel for 

routes 2 and 3 is about 4 miles each, so the maximum error from speed limits 

in each of these routes is about 18 minutes. 

-r»"" 



No provision is made in RCSP for compaction. The vehicle capacity is taken 

to be the maximum total refuse collected on any trip. Since 17 containers are 

serviced on one trip, the vehicle capacity was taken to be 102 cubic yards. 

To reduce the extent of maps drawn by RCSP, the path from the Nelson Dr^ve 

gate to the landfill was given to RCSP with an altered scale. The mileage is 

treated correctly, but that portion of each trip is not drawn to the same scale 

as the remainder of the map. 

RCSP consists of four computer programs: the data-checking program 

(RCINPT), the section-assignment program (PHASE2), the route-traversing program 

(PHASE3), and the route-map and schedule-generating program (PHASE4). 

The RCINPT data consist of three records: street name, size of output map, 

and description of input map. The actual data cards for Offutt Air Force Base 

are listed in Appendix A. A reduced copy of the output map is shown in Figure 1. 

The actual size of this map is 15 by 20 inches (indicated by the output-map size 

data card). As mentioned previously, two streets with different scales were en- 

tered; this caused a warning message to be printed for the corresponding map 

description cards. 

Data for PHASE2 consist of only four cards: a title card, the vehicle ca- 

pacity card, the time limits card, and an output-map size card. The data cards 

for Offutt Air Force Base are as follows: 

10.      10. 

The choice of the first segment in RCINPT for the map description can 

affect the quality of the sectioning performed by PHASE2, since PHASE2 starts 

building the first section around the first segment. The problem can be 

shown by assuming that the collection region boundary is rectangular with its 

length several times its width. If the first segment is chosen from the cen- 

ter of the rectangle or from the middle of a long edge, the sections will start 

filling the center of the region. As later sections are assigned, they will 

fall to one side or the other of the center. The last section may be two 

OFFUTT   AF3.    NEB. 
102. 

3.0* 15. km 
0.                     6. 7.5 0. 
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widely separated pieces, one at each end of the collection region. To avoid 

this undesirable situation, the first segment should be chosen from a short 

end of the region so that sections will fill out the collection region from 

one end to the other. 

In actual cases, few collection regions will occur in long, thin rec- 

tangles, but it still may be possible to select the first segment so that 

the sectioning will proceed compactly from one end of the region to the 

other. At one time, the street segment ending at the landfill was the first 

map description card in RCINPT. This caused the first section to occupy the 

center of the map and the third section to consist of two distant pieces—one 

including segments at the bottom of the map and the other including segments 

at the right side of the map. By placing a segment from the right side of 

the map first in the RCINPT data, more compact sectioning was effected by 

PHASE2. The output map of the final sectioning is shown in Figure 2. 

The required input data to PHASE3 consist of only two cards: a title 

card and a card giving the node numbers assigned to the landfill and garage. 

Two optional cards were added, each reassigning a street segment to another 

section (sections correspond to trips). These data cards were as follows 

for Offutt Air Force Base: 

OFFUTT AFB. NEfl 

6f>    3 
151    2 

Two segments were reassigned. In one case poor map reduction procedure placed 

two adjacent refuse containers on different segments (segment 66 and 70), and 

these segments were assigned to different sections by PHASE2. Figure 3a shows 

the segments (bounded by squares) and the refuse containers (circles). This 

portion of the original map would have been better represented as in Figure 3b. 

The other segment reassignment (segment 151 to section 2) was not necessary but 

did balance all trips with 16 refuse containers each. It also may have 

slightly reduced the total mileage by allowing segment 151 to be reached along 

segment 95 when section 2 is serviced, rather than along segment 94 when sec- 

tion 3 is serviced. Since segment 94 contains no refuse, it probably would not 

be necessary to traverse it to reach any section 3 refuse after the reassignment. 



Landfill 
3 

Figure 2.    PHASE2 Section-Assignment Map 
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(a) Improper Treatment (b) Proper Treatment 

Figure 3. Treatment of Adjacent Containers 

Figure 4 shows these segments, with x indicating refuse containers, and L.heii 

section assignments. Segment 95 is automatically reassigned to section 2 hy 

PHASE3 following the user-initiated reassignment of segment 151. 

There are two records for PHASE4. The first record consists of a title 

card, a card giving the unit of refuse measurement, two time-limit cards, and 

a vehicle identification card. The second record consists of cards specifying 

map boundaries. These data cards were as follows for Offutt Air Force Base: 

CFFUTT AFÖ.     NEfl 
OMIC YARI'JS 
3. OH 15. 2. 2. 7.75 6. 
.K. . 11. 75 15. 10. 15. In.5 
102. 30    CU   Y0 VEHICLE 

7/8/^ (ENO   OF RECORD) 
1 1   l.fa 4.0 IP. 3.8 6.8 15. 
1 1   3.5 6.5 12. 2.1 6.7 18.U 
2 11.6 (*, a 12. 3.« 5.8 13. 
2 1   C .6 3.0 12. 0.3 <t«2 19.5 
6 11.6 t.O 12. 3.8 5.8 10. 
3 10.6 3.0 12. 0.3 «•.2 19.5 

7/fi/H <FNO   OF KECORO) 

The schedule produced by PHASE4 is given in Appendix B with the corresponding 

maps in Appendix C. (The original schedule is given in Appendix D with the 

corresponding maps in Appendix E.) Since some driveways were used as map in- 

put to RCINPT, the schedules have some street names missing. The schedules 

must be used with the maps to discern the routes since the map> are inadequate 

. •--.. •\ ii ' "«^ 
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by themselves because quite often the segments containing the pickup locations 

were so short that the dashed line indicating collection appears as a solid 

line on the maps. 
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SECTION III 

EVALUATION OF COMPUTER-GENERATED SCHEDULE 

Both the original schedule and the RCSP schedule require three trips. 

The original route is 40.3 miles; the RCSP is 39.7 miles. Since the new 

route is not appreciably shorter, implementation is not recommended. 

RCSP was written to perform house-to-house, refuse-collection scheduling. 

However, there are three problem areas when RCSP is used for dumpster-type 

collection: names missing on the printed schedule, missing indication of col- 

lection on the maps, and poor distance minimization. Blank spaces appear in 

the printed schedule where driveways and unnamed paths are used. The collection 

points must be represented by street segments. If these segments are drawn 

longer than about half an inch on the final maps, the true locations of the col- 

lection point may be unclear, but if the segments are drawn shorter than half an 

inch, the dashed line representing collection may appear solid. The distance 

minimization algorithm used by PHASE3, the traversal program, was intended for 

street networks where almost every street required collection. Except for com- 

promises to reduce the number of U-turns, the algorithm solves a Chinese postman 

type problem; dumpster collection requires a traveling salesman  algorithm to 

produce the minimum distance. The Chinese postman problem requires that the 

shortest path which contains every  segment in a street network at least once 

be found. The traveling salesman problem requires that the shortest path 

which connects a given set of points on a street network be found. 

RCSP, however, may be worthwhile for dumpster collection if the following 

conditions exist simultaneously: 

1. 10 or more trips are required by the existing schedule 

to service all collection locations, 

2. each vehicle makes two trips per day, and 

3. the garage and landfill are distant from eacn other 

(perhaps 10 miles or more). 

If these conditions exist, a reduction in mileage may result from a more effi- 

cient selection of the two trips for each vehicle by PHASE4. RCSP might also 

be worthwhile when routes are set up for the first time; the minimum number of 

trips will be produced, but the total mileage may not be the minimum possible. 

11 
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SECTION IV 

SCHEDULE IMPLEMENTATION 

When implementing RCSP routes, the two most important preliminary verifi- 

cations are that (1) the maximum refuse quantity collected on one trip was 

correctly determined, and (2) the vehicle involved is almost always capable 

of completing its route without overfilling. Since there are 48 refuse con- 

tainers, each vehicle must be capable of servicing 16 containers. A problem 

may arise if some containers collected on one trip contain more than 6 cubic 

yards of refuse. There is no way to determine this with the data currently 

available, so verification of the RCSP routes requires implementation of the 

schedule first. It is assumed that access to Highway 73-75 is available 

from the Sherman Turnpike gate; if this assumption is incorrect, RCSP should 

be rerun with the appropriate change in the map description. 

13 
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