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ABSTRACT

Three factors of the distance between adjacent picking machines, the picking time of single goods and the speed of
conveyor belt in theautomatic picking system issel ected. Selecting threelevel s, and the orthogonal experimentswere
respective carried out for threedifferent picking modesto anal yze theinfluence extent of different factorson thetotal
picking time. The optimal combination can be obtained by analyzing the analysis table of orthogonal experiment.
Through the analysis of three different picking methods, it is found that theleft-to-right picking method has alower
total picking timeand isan excellent picking method. It isalso pointed out that the series-paralle hybrid picking method
has some limitationsand is not suitable for the scenario where ordersare concentrated on certain types of goods. But
the picking speed efficiency is obvioudly faster than the other two in suitable scenarios such as when the level of
different types of goodsisbasically the same or the number of itemsislarge.In this paper, the combination of operation
parametersin automatic picking system is studied, which has certai n significance on how to improve the efficiency of

automatic picking system in distribution center.
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INTRODUCTION

Generally speaking, the picking machineis placed on
the sde of the conveyor belt according to the number of
types of the needed goods, and each picking machine
canonly sorethesamekind of goodsinthebuffer area,
but it can changethelocation. Inorder picking system,
each sorter sends the goodsto the conveying system
according to the demand of the order, and the goods
are conveyed to the sorting and packaging operation
desk by the conveyor belt. Generally, the automatic
picking system carries on the batch to the order, and
picks the next batch of order only after one batch of
goodshas beenfinished. The samebatchof ordersadopt
the sequential picking strategy, that is, to start the next
order picking after the previousorder picking, or to sdect
different ordersat the sametime, but onefinished order
space must bereserved onthe conveyor belt to ensure
that the goodson the conveyor belt are placed separately
according to different orders.

Regarding the research on the picking strategy of
the autometic picking system, Jewkeset d. [+ andyzed
the previous work datain 2004, and used a dynamic
programming algorithm to carry out a new cargo

dlocationfor thegoodsinthemanud picking work area,
so that the shipment amount of each picking areawas
roughly consistent, and finally achieved the effect of
reducing the picking time. Wu yingying et d. ¥ studied
the work flow of partition automatic picking in 2012
and divided the order processing timeinto confluent time
and delay time to establish the picking time model of
parallel and serial modes. Finally, taboo search method,
dynamic programming method, dynamic clustering
method, genetic algorithm, greedy agorithmand other
methodswere used to optimizethemathematica model.
Lu shaoping ™ studied the effects of the number of
picking areas, the order of items and the capacity of
each location onthe picking efficiency of the automatic
picking systemin 2012, and analyzed the relationship
between the action sequence of the baffleand thetime
of picking abatch of orders. Based onthis, inorder to
reducethetotd picking time asthe objective function,
thevolumeof picking space, the number of picking zones
and the order of picking location are taken as the
influencing factors, and the CV time model and the
optimal solutionisobtained. Among them, the smilarity
coefficient isintroduced to esablish thealocation model.
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Rosenblatt & Roll 57 took the displacement, picking
time, picking cost and warehousing utilization of goods
needed to complete picking asreferencefactorsin 2013,
and planned the warehousing layout of distribution
centersin order to solvethe problemof reducing costs
and improving efficiency. Zhang X upeng @ studied the
module partitioning method of automatic drug sorting
sysemin 2012, desgned the module partitioning method
based on functional analysis, put forward avariety of
module partitioning methodsof different combinational
order, and analyzed the feasibility of thismethod. Xiao
Jiwel and others ¥ studied the combination of a
typewriter and horizontal sorter in 2008. Theoptimization
model was established withthetota sorting cost asthe
objective function, and the effects of different
combinationsonthe sorting time and cost were studied.
Hausman,et d. [*** conducted researchin 2015 onthe
influence of three different storage methods, namely
random, dedicated and class based, on the movement
distance required by the access machinefor picking an
order in the ABC turnover based system. Chin-chia
Jane and yih-wenn Laih* were to make the work
amount of each picker in each picker area roughly
congistent in 2005, improve the clustering model of the
picker system, and adopt the improved heuristic
agorithmto minimizethetota picker time. Liu Debeo et
a. ™ proposed aseries-paralld hybrid picking strategy
in 2015, which canreduce the overall picking timeand
improvetheefficiency of the automatic picking system.
Inthiskind of picking method, the goods of anorder are
sorted in batchesonthe picking system. Fir, thegoods
that can be picked at the sametime are selected, then
theempty pickingiscarried out, and findly theremaining
goodsare sorted in turn. Thiskind of picking method
improvestheefficiency of picking. Wang Yanyan and
others!* deeply anadyzed the overall selection process
of parallel automatic sorting systemin 2013. Through
andyss, it isjudged that thedelay of the sorter will affect
the overall sorting efficiency. Onthisbasis, this paper
establishesavirtual window-based picking time model
to study whether the quantity of goods needed to be
discharged fromwarehouse can be split and the effect
of the split on picking efficiency. Finally, amodd of total
picking timeis established under the condition of mass
shipment. Theobjectiveisto find the shortest picking
time. Theheurigtic adaptive genetic dgorithmisused to
find theoptima solution.

For the automatic picking system, if the picking
srategy and thelocation are determined, themainreason
isthat the operating parameters of the sysemwill affect
the picking operation time. This paper chooses the
operation parameters of the picking machine of the
automatic picking system, whichincludethetimet'(s),
the speed 17(nVs) of the conveyor belt and the distance
I[(m) between the adjacent picking machines. In this
chapter, wemainly analyze the influence of thesethree
factorsonthe picking efficiency.

Inthis paper, the orthogond test method will be used
to analyze the influence of these three factors on the
picking efficiency inthreedifferent picking methods, thet
is, different parameterswill be set and substituted into
thetota picking time modd. Thefollowingwork will be
done and theresultswill be carried out in order to do
these:

1. Theinfluencedegree of thesethreefactorson
picking efficiency isanalyzed and compared, and
the primary and secondary factors affecting
picking efficiency are determined™.

2. Theinfluencelaw of different parametersonthe
total picking operation time is analyzed and
compared, and the influence of eachfactor level
isdetermined by quantitative analysis based on
range analysis method*.

3. Inthedifferent collocation designsof each factor
and its reference value, the more optimized
scheme combination designis sought!*,

BASIC AUTOMATIC PICKING MODE AND
OPERATIONTIME M ODEL

Inthispaper, threecommon picking methodsare studied,
which areright-to-left sequentia picking, left-to-right
sequentia picking and series-pardlel hybrid picking.

2.1 Picking time model of right-to-left sequential
picking
Theright-to-left sequentia picking method isto pick all
thegoodsrequiredinthe order fromright to left according
to the position in the picking channel 181, According to
the goodsthat need to be sdectedintheorder, thesysem
start fromthefirst goodsthat need to be delivered on
theright of theautometic picker. At thistime, thesarting
time of theleft goods can bedetermined. Becausethe
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guantity of goodsrequired isgreater than 1, all goods
arenot selected at the sametime, and thereisacertain
timedifferenceto ensuretha thereisno overlap of goods
and the samekind of goods scattered on the conveyor
belt. After all thegoodsarepicked, the gate of thegoods
onthe conveyor belt isarranged fromright to left inthe
order of picking channdl. After oneorder isfinished, the
next order will be picked.

L et the quantity of abatch order be M, the number
of the kinds of goodsthat need to be selected for this
batch order be A, and the number of pickersbe ', The
picker issorted fromleft to right, numbered 1 — N, in
themode of right-to-left picker, it can beknownthet the
picking timeof the jttitemin the order isdetermined by
theend of picking timeof theitemontheright Sde of the
jthitem, then the starting picking time of the picker 7in
order i is*3:

ts. = { ;
- £ 41+ @y — D X t', (1)

In formula (1), t‘indicates the time required for
pi cking a piece of goods by the picking machine, and
£ ;41 indicates the starting picking time of picking

machinej + Llinorder .

At theend of any picking machine, thetime required
for the picking machineto gart and completethe gection
of dl thegoods corresponding to the picking machineis
added, that is:

ti; =t jta;xt (2)

If Sisthe left-most part of order that needsto be
picked, thetime of picking completion of goods Scan
be obtained by recurson of Formula(2), (2):

N N
t§S=Zaijxt’— Z/lij—l x t")
¢ =

=

3)

In formula (3), 4;; is the decision variable,

: 1, a;:; =0
A= [D, ____D,a 7 IS used to represent the demand
for goods storedinsorter j inorder .

Assuming that £ 5 : isthetimewhen theleft-most part
of order i needs to be picked out and the goods are
shipped out of the picking area after the picking is
completed, that is, the time when the last part of the
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order movesfromitslocationto theright side of al the
picking channels, then:
V= (@)

| denotesthe distance between two adjacent picking
channdsinthepicking system, and v denotesthe running
speed of the conveyor belt.

Fromformula(2), (3), (4), it can be deduced that
thetotal picking operationtime t of order i is:

td,i = jg(lw)l,gijzo(lij X]) + 1] X l/U

N

N
t; :Zaijxt’—(z,lij—l)xt’
j=1

W= min (AU X j)+1) X 1/v + At

()

In addition, in order to ensure that there is no
confusion between the two orders and the distance

between themissmadll, it isnecessary to introduce At as
theinterval between picking two orders.

Tosumup, thetotd picking time of abatch of orders
isT:

M
T=>¢
i=1

M N

ialxt Z(Z/lij—l)xt’

=1 i=1 j=1

(6)

IINGE gMa

£+ - (AU-><j)+1)><l/v]+(Zi—1)><At

min
JELN),Ay%0

2.2Picking TimeM odd of L eft-to-Right Sequential

Serial Picking
Contrary to theleft-to-right picking method, left-to-right
sequential picking isthe goods are picked one by one
fromleft to right intheorder inwhichthey are placed in
the automatic picking system. According to the order,
the goods that need to be picked in the system start
fromthefirst goodsto beddivered fromthewarehouse
at the left of the automatic picker. After each picker
selects a number of goods, and there is space on the
conveyor belt, the system startsto pick the goods on
theright sde™. Inthis picking method, after finishing
anorder, thepostion of the goods onthe conveyor belt
isopposite to the number of the picking machine. The
|eft-to-right picking method isequivalent to leaving space
for thelocation of goodsin each order %, so different
orderscan be picked at the same time.

Before starting the sorting operation, space can be
reserved for each order to generateavirtual container
whoseright sde coincideswith the leftmost end of the
autometic picking system. Whenthefirst non-zero goods
a the left end are picked, T=0, at this point, the
displacement of thevirtua container to theright is!*3 ;
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(7)

N, representsthe picker position of theleftmost

non-zero iteminthefirst order. The sartingtime of the
firg orderis

1
l_51~=N1_1xl_E(l_Wb)_t,XU

t3=1l/v €)
Similarly, whenthe second order startsto be picked,
the displacement of thevirtua container totheright is:

©

Inaddition, the virtual container length after picking
thefirst order and the gap betweenthetwo ordersare
based on theleftmost end of the picker, and the overall
moving distance of the conveyor belt is.

1
l?zNzilxl—E(l—wb)—t’xv

B =2+l + 1 (20
Similarly, thestarting time of the second order is:.
t5 = um/v (11)

According totherecurdon of equations(8) and (11),

it can beobtained that the starting timeof any order i is.

(12)

t] = loum/V

AMONG them i, = i + 12 (g + 1) e = Ny x I= 20— wp) = ¢ x v

Asumingthat thereisatota of M orders thegarting
picking time of the Mtk order can be expressed as.

M-1

S 1 I
iy = (Ma XI5 0= wp) =X v) + Z(l”’“ I/ (13)
=1

Therefore, when M orders are placed, the tota

picking operation time can be expressed as
T =t + (L—1Y+1y)/v— min(t) (14)

The starting picking time of the last order M i s
recorded ast;, and thetimerequired for the Mthorder
fromthe beginning to the end of picking canbe expressed
as (L-1¥+1,,) /v; thetimerequired for abatch order
tovirtua runfromtheleft to theright of the picking sysem
to thefirst item can be expressed as min(t{ ). Because

theremay beasgtuation, that is, thefirst goodsthat need
to bepickedinthefirst order islocated ontheright side
of the picking system, whilethefirst goodsthat need to
be picked inthe next order islocated on theleft side.
When thefirst virtual container reserved hasnot been
picked, thefollowing order hasbegunto be picked, that

is, thefirst goodsthat need to be picked arenot thefirst
order. According to (13), then (14) can betransformed
ino:

M-1

T=(+ Z(lspa +1)/v+ (L - M+ 1,))/v — min ()
=1

=L+ M-1)xlg, + Z 1)/v — min(tf) (15)
j=1

Formula(15) canbeconverted into:

M N
T=(@+M=1)x1Ly, +Z(wb +1) % (Z a;—10)v  (16)
—min(t}) - o
Simplification can obtain thetotal pickingtime as
follows
T=(+M=1) X lpo)/v +Z(Z aij — 1) x ' = min(t?)

=1 j=1

(17)

2.3 Series-parallel Hybrid Picking Method and
Total Picking Time M odel

When using string pardle mixed picking method to pick
M orders, it needsto preprocessthe ordersfirst. Judge

whether order ¢ can conduct paralle picking. If so, the

automatic picking systemwill first select the goodsthat
can be conducted parallel picking. For the remaining
goods, judge whether the space between adjacent
different items of the first batch of selected goodsis
allowed for interleaved picking. If so, conduct the
selection of the second batch of goods 2. If neither do
them aresdected through thetwo judgements, thegoods
will besdlected intheorder fromleft to right at theend,
and the next order will be selected after an order is
selected and the products are exported to the picking
area!?,

If the number of non-zero goodssortsinorder iis
s, thenit is1<s<N, and the corresponding number of
al goodsthat need to be selected isset asU, and it is
arranged intheorder fromsmallest to largest [13]. The
following will be performed according to the string
parallel mixed picking operation:

Step 1: determinethefirst batch of goodsthat can
be used for pardld picking. Assuming that therearetwo
adjacent non-zero items f,€U. f,_,€Uand
fx > fr—1 INnthe automatic picking system, where f,
can conduct thefirst batch of picking, the condition for
whether £, _, can conduct the first batch of parallel
picking at thesametimeis:
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(fx = fier — 1) X1

v

— (@i, —1) xt’ (18)

In formula (18), I is the distance between two

)Lfk—lfk =

adjacent pickersinthe automatic picking system; v-is
the speed of the conveyor; t' is a goods has chosen
machineat any time; a; ; representsthe quantity of goods
jrequiredin order .

For the judging condition of equation (18), if
Arorfr = 0, then fi_. can perform the first batch of
parale pickingwith f. If A¢, _ , <0, thenitisjudged
that f—+ cannot be selected in thefirst batch. Repeat

the abovejudgment function until it isdetermined that all
the goodsin U can be selected inthefirst batch at the
sametimeinpardle, and thesegoodsareformedinto a
new set, U,,U, €U.

Step 2: determine the first choose the distance
between the adjacent items different goodswill allow
therest of the goods have not been chosentofill-inthe
picking, S0 needto request the amount of space between
different items, arethefirst batch of goodswere chosen

fi» fiov,and f €U, fi_1€U,s f;,>f,_1, thenthe goods
f. thefirst to be chosen goodswithf, last onthelist to
be chosen can be expressed as the distance between
thegoods.
8= (fr—fior — D x1—(a, —1) X t' xv (19
Step 3: to judgewhether theunsdlected goods g can
be selected by interpolation according to thedistance
obtainedinthesecond step, g €U and g ¢ U;. When
the second picking iscarried out, it is still considered
that if the g itemsare shipped, all of themwill be sent

out. Therefore, the spacelength of the &f, __ 1, needsto
be occupied by the quantity whose spacingislarger than
g items. Thenwe can get the condition of whether the
goods can be picked between f and f;_;:

§=6,_ 5 —lay xt' xv—(@xt' —D] -6(fg) x (f, —g — D x 1] (20)

1 =
Amongthemﬂ{ft,g}z[ﬂ £{§

According to Formula(20), it isanayzed and judged
one by one whether each unselected goods g can be
selected by interpolation. The second batch of selected
goodsg iscomposed of aggregated U,, U, € U.
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Step 4: After thefirst batch of parallel picking goods
has been completed and the second batch of all thegoods
that can be dotted and picked have been completed,
theleft-to-right sequentia picking of all the goodsthat
have not yet been selected in the order is carried out.
Let,U, U,=U,U,U,denotetheset of goods h that
have not been picked. Let the number of the left-most
goodsinthefirst batch of selected goodsbe 7,, 7, U,.
Theend picking time of thegoods f, canbeobtainedis:

(21)

Suppose that the number of theleftmost goodsin
theunselected goodsish., h, € Us. Thestarting picking
timefor goods h, canbeobtained is.

(fi _:1) x 1 + 40),0)

tiy, = i, Xt

(22)

tfﬁhl = max((t‘ff1 —

So the end picking time of i, canbe expressed as
the beginning pickingtime plusthetimeneeded for picking
Qs

th, = thn, +ay X1 (23)

The unpicked goodsadjacent to theright sde of i,
arerecorded ashi;, thenthe recurrence of (22) and (23)
cantell thegtarting time of h.;:

(hy — hy) X | (24)
——+ At

tin, =tin, — "
According to (23) recurson, the end picking time
of h.is

téh, = (25)
Remember that after two roundsof picking, there
areatota of Ptypesof goodstha have not been picked.
That is, the cardinal number of the set Uz isP. Let the
right-most goodsin U, be hp, so the starting picking
time of can hpbe obtained by recursion of formulas

(21), (22), (23), (24), (25):

i Lo (hy—hy) x1
tin, =tin * Z Qip, X "+ f‘k (P—1)x A4t (26)

r=1

tin, +ay Xt

Thetimeto finish picking i, is.
(27)
Step 5: according to formula(22), (26) and (27), it

can be concluded that thetime required to complete an
order is*¥:

e — S
tih, = tin, + 5 t'
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ti = max((tff 70(1 —h)x!

+Z Ain, xt' +

According to theaboveformula, thetotd timefor M
ordersto bepickedis:

M
T:Ztl

i=1

+41),0)

hl) x1 w-

hy) X 1
+(P-1)xAt+

(28)

(29)

ORTHOGONAL EXPERIMENTAL DESIGN OF
PICKING TIME MODEL FOR THREE
PICKING MODES

Table 1 factor level of orthogonal test

Factor selection: pickingtimet' (s), conveyor belt speed
r(m/s), distance [(m) between adjacent pickers.

Leve: inthisexperiment, eech factor adoptsthesame
test level. Inorder to ensure the number of samplesin
theexperiment, threelevelsof test level are selected.

According to the orthogonal experiment of
parameter optimization standard, this experiment can
select each column level is 3 single orthogonal table
L_9(3"4). Accordingto the results of this experiment
andtheactud investigation, thethree-level test leve vaue
of the parameterswas determined 2. Thus, thefactor
level of orthogonal test can be obtained, as shownin
table 1.

Adjacent picker Single cargo picking Null
factors . . Conveyor speed
distance time columns
level

[(m) t’(s) (--) v (m/s)

1 0.3 1 (--) 1.0

2 04 0.8 (--) 12

3 0.6 0.5 (--) 1.5

The above data are obtained from the actual
researchintheenterprise. Dueto thedistance of adjacent
picker, according to thetransformation of the different
directionson thewidth, thewhole changeisdifficult, so
according to theideas of theorthogond experiment put
it inthefirst column, and the adjustment of the speed of

Table 2 orthogonal test design scheme

Singl -

factors Adjacent picker mgle  cargo
: picking
distance I(m) _
time £’(s)
level
A B

1 1 )
2 1 )
3 1 3
4 2 !
5 ) 5
6 ) 3
7 3 )
g 3 )
9 3 3

conveyor belt only needsto changethe system running
parameters, and the change is the most smple and
convenient, so put that inthelast column. Inaddition,
error columnsaretraditionally placed inthe middle of
thelevel table.

The orthogonal test design scheme canbe obtained
asshownintable 2:

Null columns

(--)

Conveyor speed

v (m/s) Test plan

(--)
A1BIC1
A1B2C2
Al1B3C3
A2BIC3
A2B2Cl1
A2B3C2
A3B1C2
A3B2C3
A3B3Cl1

P = W = W N W
— = W N =N
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This paper selects the complete order data of a
certain period of aworking day inthe T distribution
center for orthogond test Smulation andysisof the above
three salectionstrategies. Thisbatch of 25 orders, there
are 81 types of goods, 3668 pieces of goods.
MATLAB 2016awas used for calculation. 81 picker
channelswereset inthetest.

ORTHOGONAL TEST OF SORTINGMETHOD

4.1 Orthogonal Test Analysis of Right-to-Left
PickingMethod
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Theresults of orthogona experiments of right-to-left
sequential sorting strategy are shownin Table 3. The
top of the table isthe orthogonal test table with four
factors (including empty columns) and the experimental
data. The second half is the range analysis of the
experimental results.

The sum of picking timevaluesat the sameleve for
each column factor is calculated and recorded in the

corresponding columnunder theorthogond table. InT;
i isthe horizontal number, j is the column number, T

representstheaverage value, R; istherange®!.

Table 3 Orthogonal test results and analysis of right-to-left selection methods

factors Adjacent Single cargo
picker picking
lewvel distance I(m) time t°(s)
1 (1)0.3 (1)1
2 (130.3 {2)0.8
3 (130.3 (330.5
1 (2)0.4 (1)1
5 (2)0.4 (2)0.8
6 (2)0.4 (3)0.5
7 (3)0.6 (1)1
2 (3)0.6 ({2)0.8
o (3)0.6 {3)0.5
T':llf 12755.00 15878.67
T(Z:'J" 13267.50 13723.50
T(3:'J" 14292 50 10712.83
Ty 4251.67 5202 .89
Tz 4422.50 4574.50
Tz 4764.17 3570.94
R, 512.50 1721.94
Optimal
.. (1) t7(3)
combination
Primary and
Secondary
S
Factor
Sorting
Optimal

I(1). £(3). v (3)

combination

MNull Conveyor L
Total picking
columns (- speed v .
time T(s)
-) (m/s)
(1)0 (1)1 5179.00
(2)0 (2)1.2 4369.50
(3)0 (3)1.5 3206.50
(279 (3)1.5 5110.67
(3)0 (11 4677.00
(1)0 (2)1.2 3479.83
(3)0 (2)1.2 5589.00
(1)0 (315 4677.00
(2)0 (1)1 4026.50
13335.83 13882.50
9
13506.67 13438.33 Z 5
13472.50 1299417 il
=40315.00
444528 4627.50
4502.22 4479.44
4490.83 4331.39
56.94 296.11
) v (3)
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According to thesize of T value to determine the
priority level of factor j, according to table 3, we can
ot

Ty 1<T1<T ()1
T)2<T2)2<Tay
T)s<T(3)3<T(2)3
T)1<T2)a<T1)a

SO "t 3)y-0.5, 1(1)=03, v3)-1.5 are the optimal
levelsof thethreefactors, and the combination of these
three parametersisthe optimal combination schemein
thisexperiment.

R indicatesthe variation of the experimental results
whentheleve of the Jth factor changes. Therefore, the
larger therepresentation factor R, thegresater theimpact
of thisfactor onthe experimental results!®, the greater
theimpact onimproving the efficiency of the automatic
sorting system. According to table 3, we can get the
valueof R> R > R, sotheinfluence of threefactorsis
ranked ast’>| >v.

4.2 Orthogonal Test Analysis of Left -to- Right
PickingMethod

Orthogonal test results and analysis of left-to-right
selection methods are shownin Table 4.

Table 4 Orthogonal test results and analysis of selection methods from left to right

factors Single cargo

Adjacent picker
| . picking
distance [(m)
level time t’(s)
1 (1)0.3 (N1
2 (1)0.3 (2)0.8
3 (1)0.3 (3)0.5
4 (2)0.4 1
5 (2)0.4 (2)0.8
6 (2)0.4 (3)0.5
7 (3)0.6 (N1
8 (3)0.6 (2)0.8
9 (3)0.6 (3)0.5
T(1yj 13150.49 17043.35
T)) 13150.61 13706.74
T(3)) 13150.86 8701.88
Ty 4383.50 5681.12
T(2)) 4383.54 4568.91
Tiay; 4383.62 2900.63
Ry 0.13 2780.49
Optimal
(1) t°(3)
combination
Primary and
Secondary
t>1>v
Factor
Sorting
Optimal

1D £G) v (3)

combination

Null columns Conveyor Total picking
(--) speed v (m/s) time T(s)
(0o (H1 5681.08
)0 @1.2 4568.86
(3)0 315 2900.55
)0 315 5681.08
(3)0 (D1 4568.93
10 @)1.2 2900.60
3)0 @12 5681.19
(1)0 ®3)1.5 4568.95
@0 (O 2900.73
13150.63 13150.73
13150.67 13150.65 5
13150.66 13150.58 ;T’:
4383.54 4383.58 —39451.96
4383.56 4383.55
4383.55 4383.53

0.01 0.05

) v (3)
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4.3 Orthogonal Test Analysis of Series-Parallel Mixed Picking M ethod
Orthogonal test resultsand analysis of series-parallel mixed picking method are givenin Table 5.

Table 5 Orthogonal test results and analysis of serial parallel mixed picking method

factors Adjacent Single cargo Null Conveyor .
. . Total picking
picker picking columns (- speed v )
) ) time T(s)
level distance I(m) time t’(s) -) (m/s)
1 (1)0.3 (N1 (1)0 (N1 7919.90
2 (1)0.3 (2)0.8 (2)0 (2)1.2 7621.50
3 (1)0.3 (3)0.5 (3)0 (3)1.5 6216.50
4 (2)0.4 (D1 (2)0 (3)1.5 8179.00
5 (2)0.4 (2)0.8 (3)0 (N1 5498.00
6 (2)0.4 (3)0.5 (1)0 (2)1.2 4541.50
7 (3)0.6 (D1 (3)0 (2)1.2 5822.50
8 (3)0.6 (2)0.8 (1)0 (3)L.5 5696.80
9 (3)0.6 (3)0.5 (2)0 (N1 3730.30
Ta; 21757.90 21921.40 18158.20 17148.20
9
T(Z)j 18218.50 18816.30 19530.80 17985.50 Z Ti
T(a); 15249.60 14488.30 17537.00 20092.30 =1
Toor =55226.00
(1) 7252.63 7307.13 6052.73 5716.07
Te2y; 6072.83 6272.10 6510.27 5995.17
T(a); 5083.20 4829.43 5845.67 6697.43
R; 2169.43 2477.70 664.60 981.37
Optimal ,
o 1(3) t°(3) (--) v (1)
combination
Primary and
S
econdary 5 > p
Factor
Sorting
Optimal

13). £(3). v (1)

combination
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ANALY SISOFPICKING STRATEGY RESULTS
OFAUTOMATICPICKING SYSTEM

5.1 ContragiveAnalyssof Operating Parameters
and PickingM ode

In order to observe theinfluence of factor change on
different picking methods, the sameinfluencing factor of
three picking methodswas put in thesame polylinemap
for comparative analysis.

Distance between adjacent sorters
S000.00
7000.00

5000.00

P @ ——— |

3000.00
0.3 04 0.6

—&— Sorting from right
to left

—&— Sorting from
left to right

Mixed sorting

Fig. 1 Comparison of theinfluence of distance [(m) between

adjacent sorters on the total sorting time of three sorting
methods

As can be seen from Figure 1, under these three
different picking modes, both sequentid and sexid hybrid
picking are positively correlated with the distance of
adjacent picking machines and the total picking time
schedule, whileonly sequentia and pardld hybrid picking
isnegatively correlated withthem. Thisgituation hasaso
been analyzed inthe previous part of the paper, because
the series-paralel hybrid picking needsto be chose by
interpolation, the accesswidth islarge comparatively,
whichisconduciveto the selection of the second batch
of picking goods. And the slope absolutevalue of the
mixed picking method isthe largest, so the distance
between adjacent picking machineshasagreater impact
onthethird picking method. Asfar astheoverdl picking
timeisconcerned, thetota picking time under thetwo
sequential picking modesisnot significantly different,
and both of them belong to thelow level. If weanadyze
the order, wewill find that the ddlivery rate of thetwo
typesof goodswith serial numbers80 and 81 issevera
times higher thantherest, which will indeed affect the
picking of dlots. If the number of ordersisonthe same
gde, thepicking time should bevery different.

Single cargo picking time

o —

1 0.8 0.5

8000.00
6000.00
4000.00
2000.00

—@8— Sorting from right —@==Sorting from left
to left to right

Mixed sorting

Fig.2 Comparison of theinfluence of single picking timeon the
total picking timeof three picking methods

As can be seen in Figure 2, under these three
different picking methods, the smaler the picking time
of snglegoods, thelower thetotal picking time, and the
greater thereduction. Here, at the same parameter level,
thetotad picking timeof theseries-parale hybrid picking
method isstill higher than that of the other two picking
methods Whenthesnglepicking timeis0.5, thepicking
efficiency isthe highest in theleft-to-right picking mode.
Infact, that can be understood fromthe picking principle
of theleft-to-right picking method. After the left-side
picking iscompleted, the left-side picking movesto the
right with vacancies. Thepicking speed isfaster andthe
overdl efficiency isimproved naturally.

Conveyor Belt Speed
7000.00
6000.00

5000.00

| e—

4000.00

3000.00
1 1:2 1.5

—@— Sorting from right =—@=—Sorting from left
to left toright

Mixed sorting

Fig. 3 Comparison of theinfluence of conveyor belt speed on
thetotal picking time of three picking modes

FromFigure 3, it can be seenthat under thesethree
different picking modes, the series-pardlel hybrid picking
mode is most affected by the conveyor belt, and the
influence is positively correlated. The reduction of
conveyor belt speed can greatly improve the picking
efficiency under thispicking mode. For the left-to-right
and right-to-left picking methods, theimprovement of
conveyor belt speed does not significantly reduce the
picking time.
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Insummary, under the right-to-left sequentid picking
mode, theoverdl picking timeison thelow sde, which
isthebest picking modefor thisperiod of order inthis
cae. Theleft-to-right sequentid picking method isgrestly
influenced by the picking time of asingle cargo. Under
thisstrategy, theinfluence of the other two factorscan
be neglected. Series-pardlel hybrid picking isnot suitable
for the order picking during this period, because the
overall timeishigh. But it still can be seenthat single
picking machinepicking time and picking machinewidth
have greater impact onit.

5.2Analyzingthe scenethat theseriesand parallel
hybrid pickingapproach suitablefor

According to thetheory of picking, the serial-parallel
hybrid picking method isactualy amoreefficient way of
picking, but inthe previousanaysis, it isfound that the
gtuationisjust the opposte. When it isaffected by the
same influence factor and at the same level, the total
picking time of the other two sequential serial picking
methods is lower than its. According to the thought
anadysisof themixed picking method, the probahility of
the goods can be picked by insertionislow. Therefore,
this section considersand studiesonwhich scenariois
suitable for this picking method, in order to find the
gppropriate application scenario. Thispaper will improve
fromthefollowing aspects.

Thefirst caseisthat the shipment level of eachitem
intheorder isbasic. Inthistest, the demand for the top
picking itemsisreduced only by choosing the oneswith
thehighest picking quantity. Theintuitivediagramsare
showninFig. 4, 5and 6.

Distance between adjacent sorters

4900.00
4700.00
4500.00
4300.00
4100.00
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3700.00
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0.3 0.4 0.6

—@—Sorting from right =—@=Sorting from left
to left toright

Mixed sorting

Fig. 4 Comparison of the influence of distance (m) between
adjacent sorters on the total sorting time of three sorting
methods
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Single cargo picking time
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Fig.5 Comparison of theinfluence of singlepicking timeon the
total picking timeof three picking methods

Conveyor Belt Speed
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== Sorting from right
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g S0rting from left
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Fig.6 Comparison of the influence of conveyor belt speed on
thetotal picking time of three picking modes

Inthiscase, after asmall change in order, we can
seethat thetotd picking time of the series-parallel hybrid
picking method isno longer avery larger part. InFigure
4, when the width of a single picking machineis 0.4
metersand 0.6 meters, whenthe picking timeof asingle
cargois1and 0.8 in Figure 5, when the speed of the
conveyor beltis 1 in Figure 6, the total pickingtimeis
shorter thanthat of the other two methods. Generally
gpeaking, inthiscase, the series-parallel hybrid picking
method isbetter than the right-to-left picking method,
dightly better than theleft-to-right picking method. It
can beinferred that the series-parallel hybrid picking
scheme is more appropriate if the difference of each
goods in the order is almost small according to the
ddivery volume.

The second caseisthat thereare many kinds of zero-
item goodsinthe order. Inthisexperiment, the quantity
of goods shipped with random modificationin the order
was changedto 0.
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Fig.7 Comparison of the influence of distance (m) between
adjacent sorters on the total sorting time of three sorting
methods
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Fig.8 Comparison of theinfluence of single picking timeon the
total picking timeof three picking methods
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Fig.9 Comparison of theinfluence of conveyor belt speed on
thetotal picking time of three picking modes

Inthiscase, after asmdll part of the change, we can
seethat thetotd picking time of the series-parallel hybrid
picking method is generally smaller in three different
picking methods. It canbe seenintuitively that only when
the adjacent picking machineis0.3inFig. 7 and when
thepickingtimeof snglegoodsis0.5inFig. 8, thetime
of the hybrid picking method isdightly longer than that
of the left-right picking method. Inthe other cases, it is
the method with the shortest total picking time has

obvious advantagesin picking efficiency.

In summary, it can be seen that the series-parallel
hybrid picking method is also an excellent picking
method, but it needsto play the greatest advantagein
the suitable gpplication scenario. Therefore, if the order
Situationismoresuitablefor the ot picking, that is, if
the difference betweenthevariousgoodsinthe order is
almost small according to the quantity of delivery, or
when thetypesof goodsinthe order need to be out of
storage are less, The combined picking scheme has
obvious advantages and the total picking timeisthe
shortest. The second sequentia picking method from
left to right is suitable for various scenarios. In many
scenarios itisfound that thetotd pickingtimeisreaively
shorter, whichisan optimization strategy. Thethird kind
of series-paralel mixed picking method is suitablefor
the case of many kinds of goods, similar shipments of
different kinds of goods, and lesstypes of goodsthat
need to be picked onthe picking machineinthe order.
However, accordingto theideaof seria-parald hybrid
picking, we can know that the distribution of goods
location will haveavery direct and sgnificant impact on
thetypesof thefirst and second batchesof picking goods,
and in the appropriate application scenarios, the
advantagesof picking efficiency are obvious, so thiskind
of picking method isvery worthy of in-depth study, If
theoperating parametersof the picking machineand the
alocation of cargo space are reasonable, it will bea
very good way of picking.

CONCLUSION

Inorder to improvethe operation efficiency of autometic
sorting systemindistribution center and reducethetime
of sorting process, this paper mainly chooses abasic
gjection sorting machine as the research object, and
studies the sorting mode and the setting of operation
parametersof thebadc autometic sorting sysem. Based
onthe analyss of the operation thought and mode, the
operationtimemode and the operationtime under three
different picking modes, using the orthogonal test and
range analysismethod, the influence and degree of the
threeinfluencing factorson the picking efficiency inthe
automatic picking system, namely, the distance between
adjacent picking machines, the picking time of single
goods and the speed of conveyor belt, are analyzed.
The efficiency of the autometic picking system of muilti-
factor parameters at different levels under different
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picking modesisanalyzed. And theoptimal parameter
combinationisfound. At present, thegeneral researchis
the influence of the parameter level on the picking
efficency without changing other parameters. Thispaper
andysestheinfluence of multi-factor parametersonthe
picking efficiency of automatic picking system under
different picking modesand different levels. According
to theinfluencelaw of different factorsunder different
picking strategies, the influence of each factor is
determined by using the method of differential analysis,
and theoptima combination schemeisfound by sudying
different parametersmatching different picking methods.
At thesametime, it isfound thet the series-parald hybrid
picking method has not achieved the desired effect. By
analyzing the picking theory and steps of the method,
we can find out the applicable order situation, and
compare the picking time with the other two picking
methodsto determine whether it ismore efficient.
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