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A MIXED-MODEL PRODUCTION WAY FOR OPERATIONS ON VEHICLES
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ABSTRACT

Heaps of the just-in-time (JT) concepts have been successfully deployed in manu-
facturing industries for decades, and one of the important techniques among them is
the mixed-model production planning. A mixed-model production line for manu-
facturing means that one single line is capable of making several different parts for a
given period of time. However, the mixed-model production idea may also be help-
ful to solve the imbalance between service supply and passengers demand in urban
bus operations. In this paper, an overview on the technique of mixed-model is pro-
vided, and moreover, severa scheduling scenarios including mixed-model ones are
planned. As a numerical demonstration, one typical exclusive bus lanein Taipei city
is taken for analysis under the proposed scenarios. The results show that with a
minibus service participation rate of 25%, the mixed-model dispatching could raise
the operation efficiency to the 95% high, comparing to a present value of 85.43%.
Moreover, the study shows that only by the mixed-model dispatching method, the
gap between inconsistent demand and supply could easily be tightened without any
increase in staff and service facilities costs.
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I.INTRODUCTION agorithms to deliver the optimal solutions. Moreover,

Mixed-model scheduling method is a key element of
just-in-time production. The single line which is capable
of making several different parts for a given period of
time is called mixed-model production line. It is often
applied by companies to maintain diversified small-lot
production to satisfy customers’ demand for a variety of
products, without holding large inventories, or to say,
with less waste.

These mixed-model production lines use various pro-
duction planning techniques to achieve the goals in to-
day’s manufacturing environments. These production
planning techniques use different mathematical equa
tions and formulas (Bukchin, et al., 2002; Miltenburg
and Sinnamon, 1989, 1995) and even some complex
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computer simulation is also a more and more popular
method to perform a mixed-model production system
(Watson and Wood, 1995). The evolution of short-term
production planning techniques emerges as optimization,
heuristic, complexity and interactive scheduling periods,
asshownin Table 1.

Table 1 Development of Scheduling Techniques

Era Control Approach  Technique

Optimization Hierarchical Automatic ~ Optimization
or heuristic

Heuristic Hierarchical Automatic  Heuristic

Complexity: Hierarchical Automatic  Heuristic

artificial intelligence

Interactive schedulers  Distributed  Interactive  Heuristic +
operator

Source: Caridi and Sianesi, 2000.
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With regard to the urban bus services, the mixed-model
scheduling concept may also be helpful to meet variable
and unpredictable passenger demands. Some studies
have tried to use fuzzy clustering technologies in re-
sponse to variances in passenger demand attributes and
traffic conditions (Sheu, 2005); however, it needs many
on road and on bus facilities to collect the real time data,
and might be difficult and expensive. Therefore, with
the developed mathematical analysis framework com-
bining optimization and interactive control ideas, this
paper aims to plan some mixed-model scheduling sce-

Passenger
Demand & Loading

Bus Stop Spacing

narios for bus services in Taipei city, and to analyze the
possible application potentials and limitations. It is ob-
viously to find that the mixed-model production way to
schedule the buses is a more easy and costless way to
meet the variable passenger demands. As shown in Fig-
ure 1 (Andrle, 1999), with the mixed-model method,
“passenger loading,” “vehicle type & size,” “on-board
circulation” and “bus volume” will aso be changed.
Therefore, the “loading area vehicle capacity” and “bus
stop vehicle capacity” could be changed accordingly to
deliver abetter service.
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Figure 1 Bus Vehicle Capacity Factors
Source: TCRP Research Results Digest 35, TRB, 1999.
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Io. MIXED-MODEL METHODOLOGY FOR
BUSES SCHEDULING

A mixed-model method can produce more flexible and
suitable capacities, neither too high nor too low. More-
over, if the mixed-model scheduling makes very little
variability gap between demand and supply, it is called
to level or balance the schedule, aso named the leveled
mixed-model production. Theoretical concepts of mixe-
d-model with un-leveling and leveling are shown as
Figure 2.

Bus H i

Mini Bus

Bus

.............

Mini Bus

time

Figure 2 Mixed-Model Scheduling

In addition, Figure 3 shows the benefits of small lot
mixed-model production. For the current, bus size is
always fixed in the same service line and this causes
exceeding or insufficient supply capacities. By the
means of mixed regular size bus and minibus servicesin
a same route, supply capacities will be more flexibly
and accurately responded to the passenger demands.
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Figure 3 Mixed-Model Capacities

To apply the mixed-model production concepts on bus
services, a mathematical analysis framework is devel-
oped in this study. Definitions of variables and parame-
ters accompanied by some baseline values of the RenAi
road exclusive bus lane in Taipei city arelisted in Table
2. Note that variables or parameters which are left blank
on the baseline value columns mean that they are de-
pendent variables or there exists no single specific value
for them.

. NUMERICAL DISPATCHING SCENAR-
10S ON TAIPEI CITY

“The RenAi Road Exclusive Bus Lan€e” in Taipe city is
taken to present the scenario analysis. This bus lane,
with 3.1 km long, serving from 5-24 o’ clock, was fin-
ished in July 1996. In 2005, there were totally 579,906
frequencies of regular size buses served on it (i.e., 1,589
buses per day, or 84 buses per hour) and the net hourly
demand mounted to 4,191 passengers.

Table 2 Definition of Variables and Parameters

Symbol Statement Baseline Value
C, capacity of regular size buses 56
(passengers per vehicle, including seated and standees)
C, capacity of minibuses 23
(passengers per vehicle, including seated and standees)
d, deviation factors of hourly passenger numbers
D, adjusted passenger numberson i th servicehour, i =1-n
D average passenger number per service hour 4191
e operation efficiency indicator (%)
h headways of minibuses and regular size buses (min.) 60
84
S, capacity supply on i thservicehour, i =1-n
t hourly service minutes of minibuses
n gross service hoursin asingle day (hr.) 19
N gross bus numbers per service hour (vehicles) 60
h
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To simulate the hourly demands, peak hour adjustment
factors of hourly passenger numbers for the numerical
case in this study are assumed as [1, 1.2, 1.5, 1.8, 1.2,
11,11,11,11,21,11,12,15,18,15,1.2,1.1,1.1,
1] for each of the daily 19 service hours. Furthermore, it
can be processed as. 4191*19/ (19+0.2* 4+0.5* 3+0.8* 2
+0.1*8)=3224 passengers. In other words, 3224 pas-
sengers now stand for the hourly passengers with the
peak hour adjustment factor 1. Accordingly, “ di " for
each hour can be obtained as [0, 645, 1612, 2579, 645,
322, 322, 322, 322, 322, 322, 645, 1612, 2579, 1612,
645, 322, 322, 0] passengers. And finaly, individua
hourly passenger demand can be calculated from Equa-
tion 1.

D,=D+d, )
To compare the differences between the current service
pattern and mixed-model services, three scenarios are
proposed as “simple scheduling with regular size buses
(i.e., the current service pattern),” “simple scheduling
with minibuses (i.e., the antithesis pattern),” and
“mixed-model scheduling.” They are discussed as be-
low:

3.1 Simple Scheduling with Regular Size Buses

Thisis the current service pattern in RenAi road, Taipei.
In this scenario, hourly capacity supply is obtained as
Equation 2. In addition, indicator “ €” is developed to
analyze the operation efficiency of bus services, as
shown in Equation 3.

60C
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In accordance to the current service pattern, passenger
demand and service supply are shown as Figure 4. It is
found that in most time, the supply is exceeding pas-
senger demand to cause the waste of capacity. Mean-
while, the operation efficiency is 85.43% in the current
service pattern.

2000

no. of passengers
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12 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19
serial service hours

‘ haourly demand ——haurly supply ‘

Figure 4 Demands vs. Supply Capacities under Current Service
Pattern

3.2 Simple Scheduling with Minibuses

In this scenario, the hourly passenger demand is also
calculated from Equation 1, while the hourly capacity
supply is obtained with Equation 4.

_ 60C,

s=— (4)

With regard to the fully minibus service pattern, pas-
senger demand and service supply are shown as Figure
5. It is found that, by the same fleet size and available
drivers, the supply is aways less than passenger de-
mand and leading the bad service for passengers. Un-
doubtedly, the operation efficiency sumps to the poor
8.15% in this service pattern.

no. of passengers

12 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19
serial service hours

‘ hourly demand ——nhourly supply ‘

Figure 5 Demands vs. Supply Capacities under Fully Minibus
Service

3.3 Mixed-Model Scheduling

In the mixed-model scenarios, the hourly passenger de-
mand is still calculated as Equation 1. However, the
gross hourly capacity supply of regular size buses and
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minibuses come together to be Equation 5.

s _(60-t)c, tC,
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_ (60—t)(rib +1C,, ®)
In the mixed-model service pattern with different mini-
bus service participations, passenger demand and ser-
vice supply are shown as Figure 6. It is found that on
the view of capacity balance, when hourly service min-
utes “1” ranges from 10-20 minutes, i.e., a 17%-33%
participation rate of minibus service, the supply capacity
can cover the greater part of demand. For Figure 7, it is
found that, by the same fleet size and available drivers,
the mixed-model service keep the service efficiency on
mend if the participation of minibusis less than 25 min-
utes, comparing to the operation efficiency of 85.43% in
the current service pattern. In other words, when hourly
service minutes range from 0-25 minutes, i.e., the rec-
ommended participation rate of minibus service is
0%-42%, if rough improvements are satisfied. Other-
wise, when hourly service minutes range from 5-23
minutes, i.e., 8%-38% participation rate of minibus ser-
vice is recommended to exceed 90% operation effi-
ciency. Finally, when hourly service minutes range from
10-20 minutes, i.e., 17%-33% is the most recommended
minibus participation rate to exceed the operation effi-
ciency of 95%. Finaly, in this case on RenAi road, it is
also found that when the hourly service minutes of
minibus is 15 minutes, i.e., a participation rate of 25%,
isthe best for the highest operation efficiency.

IV. CONCLUDING REMARKS

In this study, an overview on the mixed-model tech-
nique is provided, and moreover, mixed-model sched-
uling scenarios for urban bus operations are planned.
With the simulated exclusive bus lane in Taipei city, it
is found that for the urban bus services, the
mixed-model scheduling concept could be also helpful
to meet the variable and unpredictable passengers de-
mand. In accordance to the analysis of this study, for an
appropriate participation rate of minibus service, the
mixed-model strategy always performs better than the
conventional single model operations.
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Figure 6 Demand vs. Supply Capacities under Varied
Mixed-Model Scenarios
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Figure 7 Operation Efficiency Indicators under Varied Minibus
Service Participations

To highlight the benefits of mixed-model operations in
this study, the available driving staff, bus and minibus
headways are held the same for both the single model
and mixed-model service scenarios. Under this assump-
tion, it is found that without any increase on human re-
sources and operating costs, the mixed-model schedul-
ing method could effectively improve the current bus
service. For more detailed, based on the point of capac-
ity balance, a 17%-33% participation rate of minibus
service is recommended to meet the passengers demand.

However, on the viewpoint of operation efficiency, the
recommended participation rate of minibus service goes
to 0%-42%, if simply rough improvements will be satis-
fied. Otherwise, the participation rate of 8%-38% is
recommended to get the operation efficiency going be-
yond 90%. And furthermore, 17%-33% is the most
recommended minibus participation rate which leads to
exceed the operation efficiency of 95%. In accordance
to these analysis data of this study, it is concluded that
mixed-model service pattern should be pushed ahead to
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improve the operation efficiency in due course.

Finally, more detailed exploration of the mixed-model
operation techniques and problems that will be encoun-
tered in real world operations, such as the service se-
guences of regular size bus and minibus, mixed-model
scheduling with leveling, and etc., are not discussed
herein. All these concerns are still worth the further
studies.

REFERENCES

Andrle, S. J.,, 1999, Highlights of the Transit Capacity and
Quality of Service Manual, 1st Edition, TCRP Research
Results Digest 35, TRB, National Research Council,
Washington D. C.

Bukchin, J., Dar-El, E. M. and Rubinovite, J., 2002, Mixed
model assembly line design in a make-to-order environ-
ment, Computers and Industrial Engineering, Val. 41, pp.
405-421.

Caridi, M. and Sianesi, A., 2000, Multi-agent systems in pro-
duction planning and control: an application to the
scheduling of mixed-model assembly lines, International
Journal of Production Economics, Vol. 68, pp. 29-42.

Chuah, K. H. and Yingling, J. C., 2005, Routing for a
just-in-time supply pickup and delivery system, Trans-
portation Science, Vol. 39, No. 3, pp. 328-339.

Ding, F. Y., Zhu, J. and Sun, H., 2006, Comparing two
weighed approaches for sequencing mixed-model assem-
bly lines with multiple objectives, International Journal
of Production Economics, Vol. 102, pp. 108-131.

Erel, E. and Gokcen, H., 1999, Shortest-route formulation of
mixed-model assembly line balancing problem, European
Journal of Operational Research, Vol. 116, Issue 1, pp.
194-204.

Giles, C. A., King, J. J,, Murphy, R. C. and Roney, P. J., 1997,
Meeting customer demand through mixed-model manu-
facturing, Production and Inventory Management Journal,
Vol. 38, No. 2, pp. 82-87.

Heike, G., Ramulu, M., Sorenson, E., Shanahan, P. and
Moinzadeh, K., 2001, Mixed model assembly aternatives
for low-volume manufacturing: the case of the aerospace
industry, International Journal of Production Economics,
Vol. 72, pp. 103-120.

Hsu, S. C., 2005, Ensuring a seamless multimodal transit sys-
tem with just-in-time (JIT) concepts, Proceedings of 71"
Asia-Pacific ITS Forum, New Delhi, India

Inman, R. R. and Bulfin, R. L., 1991, Sequencing JT
mixed-model assembly lines, Management Science, Vol.
37, No. 7, pp. 901-904.

Ishkhanov, G. and Fu, L., 2004, Fleet size and mix optimiza-
tion for paratransit services, Transportation Research
Record: Journal of the Transportation Research Board,
No. 1884, TRB, National Research Council, Washington
D.C., pp. 39-46.

Kubiak, W. and Sethi, S., 1991, A note on level schedules for
mixed-model assembly lines in just-in-time production
systems, Management Science, Vol. 37, No. 1, pp.
121-122.

Kuo, C., Huang, H., Wel, K. and Tang, S., 1999, System mod-
eling and real-time simulator for highly model-mixed
assembly systems, Journal of Manufacturing Science
and Engineering, Vol. 121, pp. 282-289.

Merengo, C., Nava, f., and Pozzetti, A., 1999, Balancing and
sequencing manua mixed-model assembly lines, Interna-
tional Journal of Production Research, Vol. 37, No. 12,
pp. 2835-2860.

Miltenburg, J and Sinnamon, G., 1989, Scheduling
mixed-model multi-level just-in-time production systems,
International Journal of Production Research, VVol. 27, No.
9, pp. 1487-1509.

Miltenburg, J. and Sinnamon, G., 1995, Revisiting the
mixed-model multi-level just-in-time scheduling problem,
International Journal of Production Research, Vol. 33, No.
7, pp. 2049-2052.

Sheu, J. B., 2005, A fuzzy clustering approach to rea-time
demand-responsive bus dispatching control, Fuzzy Sets
and Systems, Vol. 150, No. 3, pp. 437-455.

Singh, N. and Brar, J. K., 1992, Modelling and analysis of
just-in-time manufacturing systems: a review, Interna-
tional Journal of Operations & Production Management,
Vol. 12, No. 2, pp. 3-14.

Tsai, L. H., 1995, Mixed-model sequencing to minimize utility
work and the risk of conveyor stoppage, Management
Science, Vol. 41, No. 3, pp. 485-495.

Watson, E. F. and Wood, A. S., 1995, Mixed-model produc-
tion system design using simulation methodology, Pro-
duction and Inventory Management Journal, Vol. 36, No.
4, pp. 53-58.

Yavuz, M. and Tufekci, S., 2006, A bounded dynamic pro-
gramming solution to the batch problem in mixed-model
just-in-time manufacturing systems, Internationa Journal
of Production Economics, Vol. 103, pp. 841-862.

Received 12 November 2007
Revised 5 Mach 2008
Accepted 26 March 2008

Chun-Lin

306 A Mixed-Model Production Way for Operations on Vehicles Dispatghi



BT 57164 RfLA A Fr 301-307 (1% N 96 & 11 %

IECERE BN S LANIL s ETES At

ik

[l e P - )
o

I B QIT) 02 B SR T AT 1 5 2 o e SRR g ['ﬁf,@rﬁu—
i I R 7 ] - %priﬂfifiw&ﬁéﬂﬂi‘allﬂi%fiﬁiﬁf]ﬁ% W~

ROLE 212 G LY B PR - IR F RS A T

Iﬁ[ E:gj *ﬁ,g;fd]'ﬂﬁt,_ryj SRAE = 3 I“ilu lp J ﬁ,&?i@%ﬁﬁm ~ ﬁ' n 15\3’?7\175
FURFCGTH E S BT g B R SR AR o g PR
ALBT ERORLE SRR B PR FRE [ 1 e E%*FWEE' Lanil
ERREC YT i A - o I R g R R e
Ejﬁ’,ii;f']ﬁi?‘u‘;i%f—?ﬁﬁ?ﬁ 53T o PR ) AR B E LB R F"i'hi Hilras
S%ﬁ RS S S VT U TSR LT 85. 43%1%4] = 95% - A
ﬂ SRR IR RS T R I TR A I
,ﬁgﬁ PV SEE ISR Ejb;jfi’s‘

W]+ W R~ e FREFsE ~ JFTE

Fh T ASLE T A B I R (R R

uli



