ISSN 2683-345X

FIEM

journal homepage: http://ijiemjournal.uns.ac.rs/

International Journal of Industrial
Engineering and Management

Volume 11/ No 1 /March 2020 /19 - 30

Original research article

Testing vision picking technology in warehouse
operations: Evidence from laboratory experiments

A. Gialos, V. Zeimpekis *

Department of Financial and Management Engineering, School of Engineering,

University of the Aegean, Chios, Greece

ABSTRACT

Lately, the complexity of warehouse operations has increased significantly due to the
increase of same-day deliveries, customer requests for frequent and low-volume orders as
well as the need for faster response times. Although all warehouse processes are critical,
order picking contributes significantly to the total operational warehouse costs and affects
also customer service level. The aim of this paper is to present evidence from laboratory
experiments that evaluate vision picking technology in both accuracy and time efficiency lev-
el. We adopt the Design of Experiments (Dok) methodologyin order to examine the impact
of four parameters that affect the performance of the system. The results are encouraging
showing the benefits that order pickers may have by adopting the proposed technology.

1. Introduction

The need for mmproving warehouse process-
es has increased lately due to a new and disruptive
logistics model that many companies have adopt-
ed that incorporates same-day deliveries, frequent
and item-level orders, in order to keep minimum
stock, as well as customized orders’ fulfilment due
to the increase of e-commerce sales channel [1,2,34].

Focusing on intralogistics, all warehouse process-
es such as receiving, put-away, replenishment, and
packing, affect significantly the logistics cost, howev-
er the order picking process has a crucial impact on
both logistics costs and customer service [1, 33]. For
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warehouses with manual systems, order picking 1s the
most labour-intensive operation in warehouses and
accounts for no less than 55% to 65% of the total
operational warehouse costs [3], while for warehous-
es with automated systems, order picking is a very
capital intensive operation due to the high mvestment
cost that 1s required [4, 5, 34]. Indicative reasons for
increased picking cost include travelling time among
the aisles, no use of picking information systems,
wrong warehouse layout design, as well as long wait-
g times in front of pick faces [6, 34]. Order picking
1s thus characterized by professionals as the highest
priority process for productivity improvements [7].

The development of IT solutions during the last
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decades brought a considerable number of applica-
tions and systems in order-picking process such as
voice and light picking [35]. Nevertheless, there is
still need for higher productivity, efficiency and less
operational cost.Vision picking through smart glass-
es seems (o be a promising technology that can fulfil
the aforementioned requirements in certain cases.

The Pick-by-Vision/Vision picking system, which
uses wearable technology, embraces vision-guided
technologies to produce a faster, hands-free solution
for industrial environments [8]. This order picking
system uses smart glasses to merge virtual images and
mformation with an operator’s surrounding environ-
ment. The operator wears the glasses, follows the
commands given, and scans product barcodes all with-
in the glasses’” display. Pick-by-Vision systems can be
supported by wearable AR or non-AR hardware plat-
form such as Head Mounted Displays (HMDs) and
Smart Glasses [8, 9]. Up to know a limited research
on vision picking system performance 1s available and
published, showing the need for investigating critical
issues that deal with vision picking system design, de-
velopment and testing. To this end, the scope of this
paper is the evaluation of a proposed vision picking
(VP) system via laboratory tests. Four parameters
identified via a Systematic Literature Review (SLR)
process and selected via an Analytical Hierarchy Pro-
cess (AHP) methodology are investigated via a series
of laboratory tests that are conducted by adopting the
Design of Experiments (Dok) methodology. The
proposed vision picking system is evaluated in terms
of order picking completion time and accuracy.

The remainder of the paper is organised as fol-
lows. Initially a review 1s conducted in existing order
picking technologies. Then the main factors that af-
fect the performance of a vision picking system are
presented followed by the design of experiment
that was adopted for system testing. Subsequently,
the results from the laboratory tests are presented
and the paper concludes with useful insights from
the tests performed as well as future research steps.

2. Order picking technologies

Due to the significance of order picking as a ware-
house process, various studies have already been
published that focus on the optimization of this pro-
cess, drilling downon facility layout design, storage as-
signment, zoning, batching and routing methods, the
number and size of orders, the types of functional
areas, the selection of material handling equipment
[5, 7, 10], as well as the warehouse operating and

routing policies (e.g.s-shape, return, midpoint, largest
gap, combined, composite schemes, etc.)[34]. The
latter are important parameters that have been con-
sidered for the selection and optimization of manual
order picking systems. On the other hand, during
the last decade, the adoption of automated order
picking systems such AS/RS systems or Automated
Guided Vehicles 1s another approach for increased
productivity, cost savings, and errors reduction [11].
Nevertheless, the mvestment cost, the interrupting
operation of the warehouse during the implementa-
tion period, and the loss of flexibility in the long term
are some of the most common barriers for the devel-
opment of automated or semi-automated technical
solutions in order to support picking operations [12].

For picker-to-goods systems, the development
of mformation technologies during the last decades
has brought a remarkable number of ICT-based
applications and technologies (e.g. Pick-by-Light
Systems, Pick-by-Voice Systems, etc.) which sup-
port the picking process [13, 35]. The latter have
managed to digitally transform the traditional order
picking systems which are based on paper picking
lists and increase the efficiency and productivity of
pickers [1]. Nevertheless, recent trends in custom-
er service such as the acceptance of late orders and
the direct delivery/cross-docking within tight time
windows have created a series of challenges for lo-
gistics companies that deal with the reduction of
available time for order picking and increased er-
rors in terms of order accuracy and completeness.

For that reason, a growing number of companies
have turned their interest to digitalization by adopt-
mg logistics 4.0 technologies and smart applications
along their business processes in order to handle
the growing challenges of cost efficiency, flexibili-
ty, adaptability, stability, customer service, and sus-
tainability [14, 33]. This emerging trend of automa-
tion coupled with the use of advanced Information
Technology (I'T) systems and smart applications
provides a wide range of opportunities and benefits
for the logistics sector [15, 16]. Especially, in order
picking process the use of vision picking through
smart glasses can support both time efficiency and
picking accuracy [17]. Vision picking is a promis-
g order picking technology but 1s still at an early
stage [18]. Thus, it 1s necessary to identify and inves-
tigate the key parameters that affect this technology.
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3. Review of parameters that
affect vision picking technology
performance

Based on the results of the Systematic Literature
review (SLR) conducted, 20 parameters were iden-
tified which are classified into three main categories
as depicted m Figure 1. The first category deals with
the device design and development and includes
fourteen (14) reviewed parameters. The second cat-
egory comprises three (3) parameters which concern
the testing of the performance of the vision picking
technology in the industrial environment. Last but
not least, the third category has to do with three (3)
parameters which are used for the comparison of
vision picking technology with other picking tech-
nologies in the mdustrial environment. Figure 2,
shows the parameters for system parameterization
(Category 1) that can be further classified into three
different sub-categories. The first sub-category deals
with the ergonomic aspects and mvolves four param-
eters (display type, interaction device, display holder

and weight of equipment). The second focuses on
visualization aspects and includes seven parameters
(field of view, Information mode, iInformation avail-
ability, display view, existence of Augmented Reality
and display settings) while the third sub-category is
associated with technical aspects and encompass-
es four parameters (barcode type, scanning dis-
tance, battery life and existence of tracking system).

Category 2 (Parameters for operational perfor-
mance) comprises three parameters namely: a) pick-
ing strategy (i.e. multiple order picking or discrete
picking), b) Handling unit (i.e. item or box), and ¢) ex-
1stence of confirmation (yes or no). Finally, Category
3 (Parameters for comparative assessment) deals with
the comparative assessment of vision picking technol-
ogy with other conventional order picking technolo-
gies in industrial environments. There are three key
parameters which are: a) the number of orders, b) the
lines per order, and ¢) the items per order line. In order
to identify the most important parameters that affect
a vision picking system, we designed a questionnaire
and engaged 15 logistics managers to prioritize the
parameters identified by the SLR. In order to do that,
we adopted the Analytical Hierarchy Process (AHP).

Reviewed parameters for design, development and testing of vision picking
technology

Category 1

Parameters for system
parameterization

Total number of
parameters: 14

Category 2
Parameters for
operational performance

Total number of
parameters: 3

Category 3
Parameters for
comparative assessment

Total number of
parameters: 3

Figure 1. Classification schem

Category 1: Parameters for device parameterization

5 4

Category 1.2
Visualization aspects

. 2

Category 1.1
Ergonomic aspects

1. Display type 1. Field of view 1. Barcode type
2. Interaction device 2. Information mode 2. Scanning distance
3. Display holder 3. Information availability 3. Battery life
4. Weightof equipment 4. Display view 4. Existence of tracking
5. Existence of AR system
6. Display settings

2

Category 1.3
Technical aspects

Figure 2. Classification of pa ameters for devise parameterization
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The AHP methodology 1s a decision support
tool which compares criteria or alternatives with
reference to specified criterion in pair wise-mode.
In order to achieve this comparison, it is neces-
sary to use a fundamental scale of numbers which
has been proven in practice and validated. By us-
mg this fundamental scale of numbers, the individ-
ual preferences can be converted mto a linear ad-
ditive weight for each alternative [30]. The results
of this methodology can be taken into account by
decision makers in order to evaluate and rank the
alternatives and make a proven choice. AHP meth-
odology includes the following three steps [31]:

- Step I: Establish the hierarchy structure
In this step the construction of hierarchy
structure takes place. The first level of
hierarchy deals with the goal of the
analysis. The second level includes the
criteria or dimensions of analysis while the

last level focus on alternatives;

- Step 2: Constructing the pair wise
comparison matrix
During the second step, a set of pairwise
comparison matrices 1s constructed. Fach
element in an upper level is used to compare
the elements m the level immediately below
with respect to it. In order to make
comparisons, 1t 1s necessary to be used a
scale of numbers (from 1 to 9) [31] that
indicates how many times more important
or dominant one element is over another
element with respect to the criterion or
property with respect to which they are
compared. The standard numeric scale used
tor AHP 1s from 1 to 9 scale which lies
between “equal importance” to “extreme
importance”, the value 9 indicates that one
factor 1s extremely less important than the
value 1 indicates equal

other, while

mmportance;

- Step 3:Calculate the consistency
In the last step of the AHP methodology,
the calculation of consistency takes place.
More specifically, in order to confirm that
the priority of elements 1s consistent, the
consistency index (CI) for each matrix, as
well as the Random Consistency index (RI)
should be calculated. The mterested reader

details about the

implementation steps of AHP methodology;

may [32] for more

To this end, the AHP ranking as well as the ex-
perts’ opinions were taken into consideration and
four parameters were fnally selected, namely: (a) dis-
play holder, (b) the field of view, (c) the barcode type,
as well as (d) the existence of confirmation. The lat-
ter parameter was suggested by the logistics experts,
(during the filling of questionnaire for the ranking of
vision picking system design parameters) to be includ-
ed in the Laboratory tests, since this parameter apart
from the critical effects on operational performance,
affects the acceptance of system by the end users.

The first parameter is the display type. Accord-
g to the available equipment that can be used for
vision picking [19], there are two different types of
display holders. The first type is the glasses (Figure
3a), while the second type 1s the headbands (Figure
3b), which are worn on the head, using the suitable
equipment [18]. Some of the most well-known glass-
es and headbands for vision picking are the follow-
mgs: Google glasses, Vuzix M300, Epson Moverio
BT-300, Microsoft HoloLens, RealWear HMT-1,
etc. [20]. Both types of display holders have been
evaluated in a series of tests and according to [18],
they provide a hands-free solution for the execu-
tion of the order picking process. The type of hold-
er together with the total weight of equipment can
affect the performance of pickers and are respon-
sible for a series of problems that pose various re-
strictions for pickers when wearing the equipment.

~ <<

(a) (b)

Figure 3. a) Vuzix M300 (Smart Glasses) and
b) RealWear HMT-1 (Headbands)

The second parameter 1s the field of view and can
be affected from the mounting options of the dis-
play. More specifically, the field of view is the area in
which the pickers can see the content while wearing
their glasses or headbands. According to [21], the full
field of view of a human 1s 180°, however the use
of vision picking equipment for the execution of or-
der picking process reduces the field of view of pick-
ers. Indeed, the display area of available glasses or
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headbands covers a field of view of 20° to 90° [20,
21]. To this point, it is worth mentioning that a sig-
nificant number of vision picking devices has a really
small field of view [19], and this fact creates mult-
ple problems that deal with the performance and the
safety of pickers when vision picking is adopted in
mdustrial environments [22, 23]. On the other hand,
the larger fields of view increase the satisfaction lev-
el of pickers [24] as well as task performance [25].

The third parameter 1s the barcode type. Based
on the results of our literature review, there are two
different types of barcodes. The first type is the 1D
barcode while the second type deals with the 2D bar-
code (QR code). More specifically, barcode labels are
attached to items and racks and the pickers confirm
their picks or their position by scanning the barcodes
of items or racks [26]. According to [18], in most cas-
es the use of barcodes and QR codes has dominated
the logistics sector, but some other studies highlight
the need for linking the order picking systems with
automatic identification systems, such as RFID tags
[27]. In our case we attached barcode labels on the
racks of our laboratory in order to ensure that the
pickers were 1n the right storage location to pick the
right item. More specifically, the picker received
picking and placement information via their display.
Then they arrived in the suggested storage location,
scanned the barcode of the rack and if the position
was right the system provided more information for
the picking process, otherwise the system mformed
the picker that their position is not the correct one.

The last parameter is the existence of pick con-
firmation during the order picking process. Accord-
ing to [36], during the order picking process there
are two different types of confirmation. The first is
the pick-from confirmation which is used to ensure
that picking i1s performed from the right locations,
while the second type focuses on the place-to confir-
mation which 1s used to ensure that the components
are placed in the right tote (for the cases of multiple

order picking - pick to cart). Based on the results
of literature review, most studies use a confirmation
system, 1n order to increase the accuracy as well as
the quality of the process [36]. The confirmation of
picks can be done with different ways. According to
[20], an effective way for the picks confirmation is
the scanning of items’ QR codes with an external QR
code reader, while [9] suggest the use of a RF scan-
ner (reader can be handheld or worn as a glove or
ring scanner). Also, [8, 17, 22] mention that a voice
confirmation 1s a reliable solution, while other stud-
les assess the use of a confirmation button for the
picks confirmation [26, 27]. On the other hand, ac-
cording to [36], button presses are commonly used
i association with light indicators in pick-by-light-
systems, while voice commands are typically used
m pick-by-voice systems. To this end, in our labo-
ratory tests, RFID technology (via RFID bracelet)

as used for the picking confirmation, based on
[17] and [35] recommendations. RFID scans, based
on a technology that recently has emerged in appli-
cations that support picking activities, have shown
promising potential in order picking process [36].

4. Design of experiments

In order to evaluate the performance of vision
picking technology (in terms of order picking effi-
ciency and accuracy), a series of experiments were
performed. The Design of Experiment (DOE) tech-
nique was used. DOE studies the effect of a series
of factors in a process or system and also assists to
determine the best settings of these factors in order to
improve the performance of process or system [28].

Figure 4, shows the input of our experiment, which
includes the four parameters (factors) as presented
above, and two (2) outputs which are: a) the order
picking efficiency (i.e. order picking time) as well as
b) the accuracy of the picker (i.e. number of picking

~L —_—
Display Holder —
Field of View = N Order Picking Time
(Mounting Options) '5 Design of 2
= ; =
Barcode Type e ExPeﬂment‘ g —— | Error rate / Accuracy
Exi?.:encc:_of
confirmation
- i

Noise

Figure 4. Model for order picking time and accuracy prediction
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mistakes). Moreover, a series of nuisance (noise) fac-
tors, that are taken into account include itra-logistics
noise, lighting of the room, etc. Since the experimen-
tal procedure took place in a laboratory environ-
ment, the nuisance factors effects were not taken into
consideration. Table 1, presents the selected factors
as well as their corresponding levels which were used
for the experiments. By taking into consideration the
number of selected factors (4 factors in our case)
as well as by considering [29] statement which ar-
gues that “when the number of factors 1s less than or
equal to 4, the full factorial design is the most suit-
able choice”, the full factorial design was selected for
performing the experiments. A full factorial designed
experiment consists of all possible combinations of
levels for all factors and the total number of experi-
ments for studying k factors at 2-levels 1s 2k[28, 29].
To this end a 24 full factorial design was prepared. By

Table 1. Selected factor and their levels

considering the 4 factors as well as their correspond-
g levels, there are fifteen degrees of freedom be-
tween sixteen (16) different configurations (Table 2).

Furthermore, the design of experiment that was
developed included 5 replicates per run, so the total
number of sample was n=80. It is also worth men-
tioning that the 80 runs were performed in random
order. The randomization has been ensured through
our Design of Experiments and the statistical pro-
cessing of data made by Minitab software tool. Last
but not least, in order to ensure that the normality of
our results was satisfied, 1t was necessary to know the
probability distribution of: a) order picking time and
b) order picking accuracy. By adopting the Kolmog-
orov-Smirnov test, we checked the normality assump-
tion and we confirmed that our data set (results of lab
tests) were well-modelled by a normal distribution.

Factor Level 1

Level 2

Display holder

Field of View (Mounting Options)

Barcode Type 1D

Existence of confirmation Yes

Glasses

Above of the line of sight

Headbands
Below the line of sight
2D

No

Table 2. The design matrix

Run Display Holder (MoFuiiIt(?nnggLet‘iA(l)ns) Barcode Type Existence of confirmatio
1 Glasses Above of line of sight 1D Yes
2 Glasses Above of line of sight 1D No
3 Glasses Above of line of sight 2D Yes
4 Glasses Above of line of sight 2D No
5 Glasses Below of line of sight 1D Yes
6 Glasses Below of line of sight 1D No
7 Glasses Below of line of sight 2D Yes
8 Glasses Below of line of sight 2D No
9 Headbands Above of line of sight 1D Yes
10 Headbands Above of line of sight 1D No
1 Headbands Above of line of sight 2D Yes
12 Headbands Above of line of sight 2D No
13 Headbands Below of line of sight 1D Yes
14 Headbands Below of line of sight 1D No
15 Headbands Below of line of sight 2D Yes
16 Headbands Below of line of sight 2D No

International Journal of Industrial Engineering and Management Vol 11 No 1 (2020)
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5. Laboratory test results

5.1 Subjects features

A total of 16 subjects took part in laboratory tests:
nine (9) male and seven (7) female, all in the ages
between 23 and 58 years. The average age of partic-
ipants was 35.83 (standard deviation 10.35). Fifteen
(15) subjects were right-eye dominant and one (1) is
left-eye dominant eye. Four (4) of them used pre-
scription glasses. Subjects without previous experi-
ence of order picking process were selected to avoid
previous experience biasing the results of our exper-
mments. To compensate the lack of experience and
minimize learning effects, the subjects attended a
training session, where each of the subjects executed
a serles of orders’ picking in the laboratory, making
themselves familiar with vision picking technology.
All subjects were native Greek speakers, so all in-
structions and survey mstruments were provided to
the subjects in Greek during this study. All the data for
this study were collected via personal questionnaires.

5.2 Experimental setup and equipment

The testing and evaluation of vision picking
technology took place in a dense-picking laborato-
ry environment which was hosted at our partner’s
headquarters (Mantis Informatics S.A.) in Athens.

Our laboratory environment (Figure 5) consisted
of 24 pick bins divided between two shelving units
(light duty shelving system), A, and B. Fach shelv-
g unit had four rows and three columns and each
pick bin contained 10 - 15 items. The order cart,
which was used during the multiple order picking,
had three storage levels and each level hosted two
plastic bins (totes). To this end, each subject could
pick 6 orders, simultancously (ecach plastic bin was
assigned to one order). The subject had to finish 5
picking lists using vision picking technology. Each

mAntis

picking list contained six orders (6) while each or-
der included an average of seven (7) order lines. The
average number of items per order line was two (2).
The items were boxes in different sizes and with dif-
ferent weights, while all items could be handled with
one hand. All the experiments were accomplished by
using specialized equipment. More specifically, two
different types of head-mounted displays (HMDs)
were used. The first HMD was the VUZIX M300
and the second HMD 1is the RealWear HMT-1

5.3 Research hypotheses

For the evaluation of vision picking technology
we measured outputs that affect the productivity, per-
formance as well as the customer service level. The
first output was the order picking time and the sec-
ond was the accuracy of order picking process. The
order picking time was measured with a common
stopwatch, while the accuracy was calculated by tak-
ing into consideration the error rate. The error rate
was counted manually after the completion of order
picking process. For these outputs as well for the
four factors that have been taken mto account for the
evaluation of vision picking technology, certain null
hypotheses were itroduced. As it can be seen below,
there were four null hypotheses for the order pick-
ing time and four null hypotheses for the accuracy.

The first null hypothesis (H, ;) states that the or-
der picking time is the same when either glasses or
headbands are used:

H(),l : tglasscs - thcadbamls 1)

The second null hypothesis (HO’Q) states that the
order picking time 1s equal when either the display
was above of line of sight or the display was below of
line of sight:

H(),2 : tabovc_()f_LS - tbclow_()f_LS (2)

Figure 5. a) Dense-picking laboratory (Mantis Informatics S.A.) b) Photos from the execution of laboratory tests

International Journal of Industrial Engineering and Management Vol 11 No 1(2020)
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The third null hypothesis (H073) states that the
order picking time is equal either when the barcode
type was 1D or the barcode type was 2D:

H(),3 : tbarcodc_lD - tbarcode_QD (3)

The fourth null hypothesis (H,, ,) states that the
order picking time 1s equal either when there was
confirmation during the order picking process or
not:

Ho g0t

confirmation_yes t'C()nﬁrln;lti(nLn()

()

The fifth null hypothesis (H,, ;) states that the ac-
curacy when glasses were used was the same with the
accuracy when headbands were used:

H(),;‘? : tglasses - t’hcadl)and (5)

The sixth null hypothesis (H) ;) states that the ac-
curacy when the display was above of line of sight
was equal with the accuracy when the display was be-
low of line of sight:

H(),()' : tab()\'c_()f_LS - tbcl()w_()f_I,S (6)

The seventh null hypothesis (H,, ;) states that the
accuracy when the barcode type was 1D was equal
with the accuracy when the barcode type was 2D:

H(),7 : tbar(‘()dc_ll') - tl)arcodc_QD (7)

The eighth null hypothesis (H ) states that the
accuracy 1s equal either when there was confirma-
tion during the order picking process or not:

confirmation_yes - t(‘,()nﬁl‘mati()n_n()

Following to the data collection, a quantitative
analysis of the order picking time and accuracy was
performed by using ANOVA. The results showed
that there were not statistically significant differences

for the cases HO,1, HO0,2, H0,3, H0,5, HO,6, HO,7,
HO0,8, and as a result the null hypothesis was not re-
jected. On the other hand, for the HO,4case, the re-
sults showed that there was statistically significant dif-
ference and the null hypothesis was rejected (1.e. the
alternative hypothesis was accepted). To this point, it
1s important to mention that the level of significance
which was used for the analysis was 5% (a=0.05). Fur-
thermore, to ensure that the normality of our results
was satisfied, 1t was necessary to know the proba-
bility distribution of: a) order picking time and, b)
order picking accuracy. By adopting the Kolmogor-
ov-Smirnov test, we checked the normality assump-
tion and confirmed that the data set (results of lab
tests) were well-modelled by a normal distribution.

5.4 Results: Order picking time

The Design of Experiment-ANOVA results- (16
test cases with 5 repetitions each, 1.e. 80 tests in total)
for pick-to-cart case (multi-order picking - 6 orders
simultaneously), showed that only for the parame-
ter “existence of confirmation” a statistically signif-
icant difference existed (p<0.05) in terms ol order
picking time. More specifically, the use of vision
picking technology with confirmation step increas-
es the job completion time at almost 209%, when
compared to the use of vision picking technology
with no confirmation step (see results in Table 3).

Apart from the statistically significant config-
uration, figure 6 presents the interaction plot for
all the configurations which were evaluated during
the Lab tests, in terms of order picking efficiency.
The detailed results of all configurations in
terms of order picking time are presented in
Table 4.

Table 3. Results of order picking time for the 2 levels of factor
“existence of confirmation

Existence of confirmatio Mean Picking Time

Yes 310 Second

No 249 Second

Boxplot of Order Picking Time

Order Picking Time

il

150

Qa II @a

NNNNNNNNN

g%p

Factor4: Confimation (0.6 P& Puf Puf P& OuF O P@

Factor 3:Barcode Type .0 9
Factor 2: Field of View °
&
Factor 1: Display Holder
o°

& &

&
&

R I B )
é‘\a b\b cﬂé\a
&
<5

%029

Figure 6. Interaction effects of Displ y Holder (glasses vs. headbands), Field of view / mounting options (Above of line of sight vs.
below of line of sight), Barcode type (1D vs. 2D) and existence of confirmati n (yes vs. no) on order picking time
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Table 4. Results of interaction effects in terms of o der picking time
Head- | Head- | Head- | Head- | Head- | Head- | Head- | Head-
Factor 1 Glasses | Glasses | Glasses | Glasses | Glasses | Glasses | Glasses | Glasses bands | bands | bands | bands | bands | bands | bands | bands
Above Above Above Above Below Below Below Below Above Above Above Above Below Below Below Below
Factor 2 of of of of of of of of of of of of of of of of
LS LS LS LS LS LS LS LS LS LS LS LS LS LS LS LS
Factor 3 1D 1D 2D 2D D D 2D 2D 1D D 2D 2D D 1D 2D 2D
Factor 4 No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes
Ql 209 256.5 232 292 208.5 269.5 169 271.5 173.5 281 178.5 279 192 254 197.5 251
(second)
Median | ., 260 235 375 27 295 28 287 188 | 306 | 200 | 360 | 270 | 30 | 258 | 283
(second)
@ 305 300.5 326 418.5 271.5 306 322 380 256.5 316.5 370 369.5 320 381 326.5 325
(second)

Taking into consideration the figure and table
above, it can be seen that the best configuration,
when using the median for comparison, in terms
of order picking time embraces headbands, the dis-
play to be above of line of sight, 1D barcode and
no confirmation step (Q1 = 173.5 seconds, Median
= 188 seconds, Q3 = 256.5 seconds). The second
best configuration includes headbands, the display
to be above of line of sight, 2D barcode and no con-
firmation step (Q1 = 178.5 seconds, Median = 200
seconds, Q3 = 370 seconds). On the other hand, the
configuration with the highest order picking time
contains glasses, the display to be above of line of
sight, 2D barcode and confirmation step (Q1 = 292
seconds, Median = 375 seconds, Q3 = 418.5 seconds

5.5 Results: Accuracy

In terms of order picking accuracy, the ANOVA
results showed that only the 2-way interaction “Field
of View"*Existence of confirmation” was statistically
significant (p<0.05). Thus, it was concluded that the
accuracy of vision picking technology can be signifi-
cantly affected, only by the configuration “Field of
View" Existence of confirmation” since all the oth-

er configurations did not provide statistically signif-

icant differences in terms of order picking accuracy.
By, taking into account the results of statisti-
cal analysis, the interaction between the “Field of
View” and the “Existence of confirmation” shows
that when the existence of confirmation 1s “Yes”
and the field of view (mounting options) 1s “Be-
low line of sight”, the Vision picking process can
be accomplished more accurately when compared
with the other configurations shown in Table 5.
Apart from the statistically significant configu-
rations, figure 7 presents the interaction plot for
all the configurations which are evaluated during
the Lab tests, in terms of order picking accuracy.
The detailed results of all configurations in terms
of order picking time are presented in Table 6.
Table 5. Results of interaction plot of Field of view / mounting

options (Above of line of sight vs. below of line of sight) and
existence of confirmation ( es vs. no) on order picking accuracy

Existence of confi -

Field of View Mean of Accuracy

mation
Below line of sight Yes 99.3%
Above line of sight No 98.5%
Above line of sight Yes 98.1%
Below line of sight No 96.7%

Boxplot of Accuracy
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;j';zuﬂ T BT 4" E% 07

ANNAN AN
NN

Factor 4: Confimation (0,6 O4& Ouf W& O O Pf P&

Factor 3: Barcode Type . Q o

Factor 2: Field of View ©

&

&

Factor 1: Display Holder P

o

® e ® 9 ®
oﬂs& & Ja"
¥ 4 &
&

Figure 7. Interaction effects of Displ y Holder (glasses vs. headbands), Field of view / mounting options (Above of line of sight vs.
below of line of sight), Barcode type (1D vs. 2D) and existence of confirmati n (yes vs. no) on order picking accuracy
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Table 6. Results of interaction effects in terms of o der picking accuracy

Head- | Head- | Head- | Head- | Head- | Head- | Head- | Head-
Factor 1 | Glasses | Glasses | Glasses | Glasses | Glasses | Glasses | Glasses | Glasses bands | bands | bands | bands | bands | bands | bands | bands
Above Above Above Above Below Below Below Below Above Above Above Above Below Below Below Below
Factor 2 of of of of of of of of of of of of of of of of
LS LS LS LS LS LS LS LS LS LS LS LS LS LS LS LS
Factor 3 1D 1D 2D 2D 1D 1D 2D 2D D 1D 2D 2D 1D 1D 2D 2D
Factor 4 No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes
Q 0.965 0.93 0.96 0.915 0.98 0.99 0.86 0.995 0.98 0.99 0.98 0.985 0.93 0.96 0.94 0.985
(second)
Median | 07 | 009 | 099 | 008 1 1 0.96 1 0.98 1 1 1 097 | 0.8 1 1
(second)
@ 1 1 0.995 1 1 1 0.99 1 1 1 1 1 1 1 1 1
(second)

As it can be seen from the figure and table above,
the best configuration, when using the median for
comparison, with the highest accuracy level embrac-
es glasses, the display to be below of line of sight,
2D barcode and existence confirmation step (Q1 =
0.995, Median = 1, Q3 = 1), while the configuration
with the lowest accuracy level includes glasses, the
display to be above of line of sight, 2D barcode and
no confirmation step (Q1 = 0.96, Median = 0.99, Q3
= 0.995). Based on the results which are presented
below, it 1s worth mentioning that the error rate 1s
small, almost in all configurations and there 1s no fac-
tor that significantly affects the accuracy of the system.

6. Conclusions and future steps

This paperevaluated a proposed vision picking
(VP) system for collection of products in item-lev-
el via laboratory tests. Four parameters identified
via a Systematic Literature Review (SLR) process
and selected via an Analytical Hierarchy Process
(AHP) methodology were investigated via a series
of laboratory tests that were conducted by adopting
the Design of Experiments (Dok) methodology.

The laboratory setup which was developed n
cooperation with a Greek I'T company (Mants In-
formatics S.A.),consisted of 24 pick bins divided be-
tween two shelving units. Each shelving unit had four
rows and three columns and each pick bin contained
10 - 15 items. The order cart, which was used during
the multiple order picking, had three storage levels
and each level hosted two plastic bins (totes). Two
different types of head-mounted displays (HMDs)
were used. The first HMD was the VUZIX M300
and the second HMD 1s the RealWear HMT-1.

Fighty (80) tests were conducted in order to 1den-
tify the optimal setup of the proposed vision picking
system both in terms of order picking efficiency and
accuracy. The results revealed that in terms of order
picking efficiency (i.e. order picking time), the best
configuration embraces headbands, the display to
be above of line of sight, 1D barcode and no con-
firmation step, while in terms of accuracy the best
configuration contains glasses, the display to be be-
low of line of sight, 2D barcode and existence confir-
mation step. These results are encouraging showing
the merit of the proposed system. These results also
support both system designers as well as end-users
that are iterested in adopting such technology.

We mtend to further continue our research
by testing further parameters in lab environment
m order to mvestigate their impact in order pick-
ing accuracy and efficiency. Subsequently, we
mtend to test the proposed system in real-life
environment (field tests) in order to make a com-
parative assessment with other order picking sys-
tems such as RF-scanners, and voice picking.
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