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ABSTRACT

Design of medicine cabinet is facing the problems of how to reduce redundancy and improve the storage of medicine.
According to the different specifications of the medical box, design the best scheme of medicine cabinet layout in the
condition of minimum redundancy. Based on the analysis of a number of problems we build the concrete models and
find results of individual problems. Thismodel can be expanded to the largest problem of storage capacity.
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INTRODUCTION

At present, the automatic drug delivery system(Ejgcan be used widely in hospital [1]. It is mginked to solve
the problem of mismanagement in pharmacy now. Amtirgm, and the role of medicine cabinet is very
important.Ilt must put drug centrally, smoothly puttilitate to take and put medicine. Moreoveg t#olume of a
medicine cabinet cannot too much torun the system well, and quantity of medicine cabinet is mm tmuchfor
cost reasons. Therefore, medicine storage slasmedicine cabinetmust be carefully designed. TH ZUMCM
questions D is about the optimal design of a madiciabinet [2]. There is a general discussion tedeut the issue
[3-5]. The key is correctly to build mathematicabael and to design algorithm. In this paper thebfmms are given

a proper solution.

Fig.1 The medicine cabinet of automatic drug delivery machine

PROBLEM DESCRIPTION

A medicine cabinet, similar to a bookcase in stigtusually consists of a series of medicine gmislots divided
by several horizontal and vertical plates (Figlg)order to ensure the accuracy of the drug-soréind prevent
distribution errors, each slot stores only one kafidirug with same box size. Fig.3 shows the aramnt of the
medicine cabinet. The arrangement of pillboxes nealicine cabinet is shown in fig.4.
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A gap, at least 2mm, between the pillbox and thioad or horizontal division plates is requiredniake the pillbox
move smoothly in drug storage slots. The gap shbaldetermined to avoid the overlap, stuck, roltatate when
pillboxes move in a slot. Please construct mathigalamodels to solve following problems under thmpe
assumption that the thickness of the horizontalhantical division plates can be neglected.

1. There are many drugs with different pillbox size a hospital. Using the data given in Appendi],1design a
medicine cabinet with the minimum number of slotltli types. The solution should include the corresjgy
pillbox ID stored in each slot.

2. If the gap between the pillbox and the vertiglate is bigger than 2mm, it leads to the widthurethncy. A
cabinet with more width types will increase the nifacture costs and decrease the adaptive abilityoté, though
adding the number of the width types can effecfiveduce the width redundancy. Based on the dafgppendix
1[2], please design the medicine cabinet again to neithe width redundancy and the number of thewidth

types. The number of the slot width types and tmeesponding pillbox ID containing in each slot glibbe given
in the solution.

3. The width of a cabinet can’t exceed 2.5m, amdhbight can’t exceed 2m, respectively. The maxiavailable
height of a cabinet is 1.5m since the bottom 0.8raken by the conveyer belt. If the gap betweenpittbox and
the vertical or horizontal division plates excedls required 2mm, then we call the extra gaps las Width or
height redundancy". The "total redundancy" is medi to be the product of the width redundancy aeidht
redundancy. Based on the solution in 2, deternfieentinimum number of the slot height types, suct the total
redundancy of the cabinet is minimized. The sotusbould include a detailed cabinet design schamkiding the
distances between both the vertical or horizortasidn plates, and the corresponding pillbox 1D éach slot.

4. The maximal daily demand for each drug is gireAppendix 22]. It is assumed that the length of the cabinet
(storage slot) is 1.5m, and all the drugs are dtore¢he cabinet once a day. The pillboxes of gaan occupy more
than one storage slots to satisfy the daily neddimg the data in Appendix 1 anfP?, compute the slot number for
each drug and the number of the cabinets for tkpitad.

&(“_e‘._\ The Width of the Cabinet
NS }Jd— ————————————————— -l
.g\‘c & |
& 7 —_—
il F
‘ |
|
|
'
-
Z
n=
Vertical £
Division Plates E ?
(as Shown in =
Blue Lines) i
I
4 |
- —r |
Horizontal Ih:rllf.]ugh' |
Division Plates C onvpyer
(as Shown in A .
Red Lines)

Fig.2 The structure of a cabinet
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Fig. 3 Sectional view of a cabinet
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Fig.4 The arrangement of pillboxesin a medicine cabinet

MODEL AND SOLUTION

1. Question 1

1.1 Our model

Our model, in the most general form, is
min n
w+2<d<2w

d < VW +12

st.
d <vw? +h?

1<n<47n0ON

where

® nis the number of slot width types,

® dis the of slot width,

® |, wandh are thedimensions ofthe pillbox.

For solving the model, firstly, we should determthe tolerance width intervalof each pillboxundee tonstraints

(see Table 1).
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Table 1. Thetolerancewidth interval of pillbox

width tolerance width tolerance width tolerance width tolerance width tolerance
(mm) interval (mm) interval (mm) interval (mm) interval (mm) interval
10 [12,20) 20 [22,36.8) 30 [32,42.4) 40 [42,56.6) 05 [52,70.7)
11 [13,22) 21 [23,37.4) 31 [33,43.8) 41 [43,57.9) 15 [53,72.1)
12 [14,24) 22 [24,38) 32 [34,45.2) 42 [44,59.3) 52  [54,73.5)
13 [15,26) 23 [25,37.8) 33 [35,46.6) 43 [45,60.8) 35 [55,74.9)
14 [16,28) 24 [26,41.6) 34 [36,48) 44 [46,62.2) 54  [56,92.4)
15 [17,30) 25 [27,37.5) 35 [37,49.4) 45 [47,63.3) 55 [57,77.7)
16 [18,32) 26 [28,42.8) 36 [38,50.9) 46 [48,65) 56  [58,79.1)
17 [19,34) 27 [29,43.4) 37 [39,52.3) 47 [49,66.4)

18 [20,34.9) 28 [30,39.5) 38 [40,53.7) 48 [50,65.7)

19 [21,35.5) 29 [31,43.1) 39 [41,55.1) 49 [51,69.2)

To answer the above questionscan be equivalemdaiihterval, their intersection is empty, and eachhef above
tolerance intervals completely contain at least @ithem.

1.2 Our algorithm
Step 1: For all tolerance intervals, sorted fromakno large according tothe lower limit of thengrbted by A

A2. . A47_

Step 2:IfAN A=, then outputs A A=A, A2:A3;if A NA=A#[, then A=A, Ax=Aa.
Step 3lf A:=A47, it is over, else repeat step 2.
Finally, the clusters of interval are shown in &8l

Table.2 Theclustersof interval

No. clustered interval
1 [19,20)
2 [34,34.9857113690718)
3 [46,46.6690475583121)
4 [58,63.6396103067893)

According to the result of clustering, the minimaomber of slot width types is 4(see table 3).

Table.3 The clusters of interval

No. slot width types (mm) the corresponding widthge of the pillbox (mm)

1 19 10~17
2 34 18~32
3 46 33~44
4 58 45~56
2. Question2
2.1 Our model

Our multi-objective programming model[6] is
= 2
w+2<d<2w

d<Vw +1?
stid <VwW? +h?

1<n<47n0ON
mON,i=12,..n
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Where

® nis the of slot width types,

® dis the of slot width,

® |, wandh are thedimensions ofthe pillbox,

® misthe number of the corresponding pillbox storedtimslot.

2.2 Our algorithm
Here we use the optimal partition method [7-10 wews, ... W, aremtypeswidth of pillboxes, split them into two

sections i, Wy, ...,Wp) and W1, ..., W), where p = {D}
2

Their mean and variance are

1 P
w(l, p)ZBZ\Ni
2 1&
S (L p)==2 (W -W(Lp)y
pi= 1)
and
1 m
(p+1m)=— Lt i
W(p+1,m) m—p%lw
S(p+Lm)=—=— W -w(p+L1m)yf
m-=pPipa (2)

Theoptimal partition methodhas seen as the maihadetuitable to the clustering of the ordering demyyhen the
total variationV reaches to minimize, classification achieve that besult.
V=min ) V,
ij=1ji#] (3)
whereV, =(j -i+1)S*(i,j) Isi<j<m.
As shown in Table 4,we can obtain the number oktbewidth types is 16 by applying theoptimal gamh method.

Table.4 The ot width types and the corresponding width rangeof pillbox

slot width range of slot width range of slot width range of slot width range of
width pillbox width pillbox width pillbox width pillbox
13 10-11 23 18-21 37 33-35 49 45-47
15 12-13 27 22-25 40 36-38 52 48-50
17 14-15 30 26-28 43 3941 55 51-53
19 16-17 34 29-32 46 42-44 58 54-56
3. Question3

The "total redundancy" is defined to be the prodifahe width redundancy and height redundancy,taedwvidth
redundancy is a constant based on the solutionso #e only need to optimize heightredundancy.
By the similar method used in question2, we gentlnaber of the slot height types is 16 (see taple 5

Table.5 The slot height types and the corresponding height rangeof pillbox

slot height range of slot height range of slot height range of slot height range of
height pillbox height pillbox height pillbox height pillbox

40 28-38 66 60-64 82 77-80 127 101-125

46 39-44 70 65-68 86 81-84

51 45-49 74 69-72 94 85-92

61 50-59 78 73-76 102 93-100
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4. Question4
The slot number for each drug can be expressed as

} 11500
Whergy, is the maximal daily demand for dijug is the length of drujg |' "|is called to round up the value.

1
n :[Ll,ls j<191¢  (4)

The necessary positive area to satisfy the daidgeean be expressed as

1919
A:qum
= (5)

Whera; is slot number for thith drug,d; andH; are width and height of the slot where jHb drug lay.
The number of the cabinets for the hospital caexpeessed as

M :lri—‘
WH 1 (6)

WheraN andH are width and height of the cabinet.
According to the above model we get the numbeheftabinetsl=2.

CONCLUSION

The proposed method can effectively solve the gmobbdf the optimal design of drug cabinet. In ourkyanodel
and algorithm are simple and easy to understarelbgyone, which is convenient for your test andiapfion.This
method can be also used for design goods shelgeksbelf and container.
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