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A flexible IT infrastructure for the integration
of smartglasses into the brewing laboratory
as a digital support for standard analysis

workflows

Standard operating procedures (SOPs) are an often-used medium for the reproducible step-by-step

execution of complex laboratory operations. Even in today’s era of digitalization, most SOPs are still
paper-based. This might cause disorder within the lab and often distracts the experimenter from the actual
experiment. Furthermore, most of the experimental documentation nowadays is still done manually by
transferring experimental data and results in paper-based laboratory journals, which is quite sensitive to
errors as well as time-consuming. We developed a digital laboratory infrastructure that enables interactive
hands-free experiment guidance and instrument control via smart safety goggles, also called smartglasses.
Instructions for an SOP and experimental data can be displayed directly into the experimenter’s field of view
and triggered by voice commands. Experimental data and working steps can be processed and documented
instantly. The developed laboratory infrastructure allows for the flexible integration of laboratory instruments
and SOPs. Different SOPs commonly used for the spectrophotometric analysis of beer (MEBAK methods) were
implemented showing the applicability of the established system in the brewing laboratory. Furthermore, a
benchmark study of the system was performed. The developed solution enables a faster experiment execution
and analysis than conventional paper-based SOPs and is a first step towards the integration of smart safety
goggles for the support of laboratory workflows. This might pave the way to easier process documentation

and an increase of laboratory workflow efficiency.

Descriptors: smartglasses, laboratory automation, wearables, assisted reality

1 Introduction

More than 50 years have passed since the first head-mounted
displays (HMDs) were introduced. Pioneers like lvan Sutherland
were the first that conceived and technically implemented the idea
of a head-worn device that displays graphical content into the
user’s field of view in the late 1960s [1]. The device created by
Sutherland and his colleagues was called “The Sword of Damo-
cles”, whose name was inspired by the necessity to mount it to
the ceiling due to its massive weight and its bulky head tracking
mechanism. Miniaturization of electronics and optics have evolved
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during the decades since, and so have head-mounted displays
[2]. Smartglasses size has ranged from backpack solutions in the
1980s to smartglasses that now nearly have the dimensions of
regular glasses [3].

After Google rolled out their smartglasses model “Google Glass”
in 2013, smartglasses technology became available to a broader
audience. Other manufacturers followed Google’s example and
released models with similar technical characteristics. Although
most of the current smartglasses models were not successful in
the consumer field, many applications emerged within professional
areas. Applications of smartglasses have been evaluated in health-
care, logistics, and manufacturing as a documentation respectively
commissioning tool or as a support during workflows [4—7].

Recently, the idea of giving tasks in the laboratory a digital sur-
plus has caught the interest of researchers in different scientific
disciplines. Integration efforts extend beyond smartglasses to
virtual assistants and other smart devices such as tablets and
smartphones that are subject to current research in which their
potential as a supporting tool in laboratory settings is evaluated
[8, 9]. Smartglasses provide crucial advantages over handheld
devices. These advantages include hands-free operation by voice
commands and the direct display of informationin the user’s field of
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architecture (Smartglasses Vuzix M300, Vuzix Corp., USA)

view. Furthermore, safety goggles are mandatory in most laborato-
ries — so why not give them an additional digital benefit? A handful
of researchers already seized the idea of bringing smartglasses
into the laboratory.

Cortazaret al. used a Google Glass device for the quantification of
chlorophyll in plant leaves, while Feng et al. developed a Google
Glass application for the processing of immunochromatographic
assays[10, 11]. Both applications take advantage of a client-server
model, where the internal smartglasses camera captures images.
Subsequently, the image data are transmitted to an external server
for processing. The results of the processing can then be retrieved
by the smartglasses and shown in the user’s field of view. This
approach has the advantage of conserving the battery and pro-
cessing power of the smartglasses by sourcing out the hardware
demanding processing task to a more powerful server unit. Asimilar
conceptwas worked out by Austerjostet al. who used smartglasses
and smartphones for the determination of colony-forming units on
agar plates [12]. Other applications within the laboratory include
the use of smartglasses in physics education as a tool for better
experiment perception [13].

The use of smart safety goggles within the laboratory offers the
potential to revolutionize experimental work. Not only can built-in
sensors (e.g. microphone and camera) be used to collect expe-
rimental data, but also external sensors or instruments can be
connected using the internal Bluetooth or WiFi capabilities (see
Fig. 1). We developed adigital laboratory architecture that allows the
easy creation of standard operating procedures (SOPs) that can be
retrieved and displayed by smartglasses that act as the front-end.
These SOPs canbe triggered and navigated hands-free using voice
commands. Furthermore, laboratory instruments can be integrated
into the back-end architecture, allowing the control of these devices
and the display of instrument data into the experimenter’s field of
view. Measured experimental data and workflow data are saved to
a database. Therefore, experimental results can be traced back to
their source at a later date. The evaluation of this setup has been

Smart safety goggles used for the evaluation of the developed digital laboratory

carried out using different SPOs covering
the spectrophotometric analysis of beer [14].
A benchmark of the developed system was
performed by comparing the execution time
of a paper-based SOP with the execution
time of a smartglasses-based SOP.

Safety goggle frame

CEEILERCVAN 2 Materials and methods

2.1 Back-end application

The developed back-end application is a
JavaScriptapplication running on NodeJSv8,
across-platform native JavaScriptinterpreter
(https://nodejs.org/en/). It provides both a
JSON/HTTP API (Application Programming
Interface) for retrieving and creating protocols
and a separate WebSocketAPIthatmanages
allinstrument measurements that are trigge-
red via the backend.

The JSON API stack consists of the express HTTP server (http://
expressjs.com/de/), a database backend provided by the popular
ORM (Object Relational Mapper) sequelize.js (http://docs.seque-
lizejs.com/) and custom controller code, which translates HTTP
requests to database actions. Database access is also shared with
the WebSocket stack, which is powered by socket.io (https://socket.
io/), adding reliability and data consistency features in comparison
to raw WebSockets, and a custom plugin system providing the
interface with laboratory devices. SOPs are implemented using the
YAML (http://yaml.org/) format. A custom human-readable syntax
was developed that fits the needs of standard laboratory workflows.

Asingle plugin interfacing with a photometer (ThermoFisher Scien-
tific GENESYS™ 10S UV/VIS) was implemented, which provides
functions for setting the wavelength, choosing a turret position,
blanking the spectrophotometer and measuring an absorbance
value. The photometer was integrated using its integrated USB-
RS232 interface. It was directly connected to the backend server
via a USB-A/USB-B cable. Port commands were provided by the
manufacturer (ThermoFisher Scientific Corp., USA).

The system runs on a Dell OptiPlex 3050 Micro (Dell Technologies
Inc., USA) with an Intel Core i3-7100T, 16 GB of DDR4 RAM and
a 500 GB SSD. Linux Ubuntu 16.04 is installed as an operating
system.

2.2 Front-end applications

Two clients have been developed for communicating with the ba-
ckend application: Acommand-line tool for inserting and managing
SOPs and anAndroid application for displaying and executing SOPs.

The command-line tool is a JavaScript application running on
NodedS (https://nodejs.org/en/). It uses the axios (https:/github.
com/axios/axios) library for HTTP communication and supports
inserting, deleting and listing protocols that are available via the
backend. Protocols are specified in a simplified YAML syntax that is
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mapped to the expected JSSON syntax before inserting them via the
provided backend HTTP/JSON API. It also automatically uploads
associated images to the backend before inserting the protocol.

The Android application was implemented using Android Studio
(AlphabetInc., USA) and the Kotlin programming language (https://
kotlinlang.org/).

Internally the Android application uses a reactive-programming
approach powered by RxJava (https://github.com/ReactiveX/Rx-
Java) and uses square’s moshi (https:/github.com/square/moshi)
and retrofit (https://github.com/square/retrofit) for JSON decoding
and encoding. It also uses square’s Picasso (https://github.com/
square/picasso) library fordownloading and displayingimages and
socket.io-java-client (https:/github.com/socketio/socket.io-client-
java) library for interfacing with the WebSocket API provided by the
backend. MxParser (http://mathparser.org/) and MathView (https://
github.com/Nishant-Pathak/MathView) are used for calculating and
rendering mathematical equations. All SOP slides for the individual
working steps were prepared using Microsoft Visio 2016 and saved
as .png-files with a resolution of 640 x 360 pixels. Different SOPs
for the analysis of beer were visualized and corresponding SOP
YAML files were created.

The functionality of the Android client application was evaluated
using smartglasses Vuzix M300 (Vuzix Corp., USA), which uses
specific voice commands to trigger the progress of the SOPs, and
a Samsung Galaxy Tab S2 T719N (Samsung Corporate Group,
South Korea), which uses graphical touch buttons to move forward
and backward through the SOPs.

2.3 Beer analysis assays

Four different MEBAK (Central European Commission for Brew-
ing Analysis) analyses have been transferred into interactive
smartglasses-based illustrated SOPs. They have been tested for
function and can be carried out using the proposed hard- and soft-
ware solutions that are freely available. The methods include the
spectrophotometric determination of beer color (MEBAK method
2.12.2), the spectrophotometric determination of bittering units in
beer (MEBAK method 2.17.1), the spectrophotometric determi-
nation of total carbohydrates in beer (MEBAK method 2.6.4.1.1)
and the spectrophotometric determination of free nitrogen in beer
(MEBAK method 2.6.4.1.1) [14]. Corresponding YAML SOPs are
made freely available on GitHub [15]. For detailed procedures and
used material see supplemental material.

2.4 System benchmark and user study

To benchmark and give a first insight about the performance of the
developed system, 12 graduate students in the field of biotechno-
logy and chemistry (age 23 to 29) were divided into two groups.
The first group of six performed MEBAK method 2.12.2 (spec-
trophotometric determination of beer color) using a conventional
paper-based SOP (see supplemental material for details) and the
second group of six performed the same experiment with the help
of a smartglasses-based SOP. Both groups performed the expe-
riment using the same laboratory working place and instruments
(see supplemental material). Experiments were performed in a

conventional laboratory surrounding with active exhaust ventilation
(50-55 dB; equal to the sound level of a normal conversation).
Test persons that executed the paper-based SOP received a
calculator and a pen. Neither of the participants had previous
knowledge about the performed experiment or the workflow. All
participants performed the experiment for the first time to exclude
learning effects. The laboratory training status of the test persons
was expected to be similar, due to a similar practical education.
Prior to the experiment, the group that executed the smartglasses-
based SOP received a one-minute introduction on which voice
commands to use to operate the application. In addition, the test
persons were given time to adjust the smartglasses to their eyes.
The experiment execution times were measured using a conven-
tional smartphone timer. The timer was started after turning over
the paper-based SOP or using the “select” command within the
smartglasses SOP application respectively. The timer has been
stopped after the test persons finished the paper-based SOP by
saying “finished”, or used the command “end protocol” within the
smartglasses-based SOP respectively.

A user study was performed with the previously mentioned 12
graduate students. All users performed MEBAK method 2.12.2
(spectrophotometric determination of beer color) using the voice-
controlled smartglasses application. Afterwards, they were asked
to fill out a survey that included questions about themselves, their
opinion about the usability of the utilized application and their
impression of the technology (see supplemental material for the
questionnaire and detailed results).

3 Results and discussion
3.1 Established server environment

The established server environment that handles all inquiries from
clients provides both a JSSON/HTTP API (Application Programming
Interface) for retrieving and creating SOPs and a separate Web-
Socket API that manages all instrument measurements that are
triggered via the backend (see Fig. 2).

This separation is due to the duality of workflows; they contain
static data (e.g. the instructions for each step of the SOP or an
equation), that can be fetched beforehand, as well as dynamic data
(e.g. measurement results) that can only be made accessible after
a certain progression in the SOP was reached.

Instrument integration into the established setup was done via
the native USB-RS-232 interface of the spectrophotometer and a
wired USB connection to the backend server. A plugin structure
was worked out to enable flexible device integration. This means
anew plugin needs to be created for every new device that should
be integrated. Plugins contain information about the device inter-
face, the communication protocol and specific command strings
that are mapped to a keyword within the SOP syntax to trigger the
command (see chapter 3.3). This approach allows the use of a
wide range of common communication standards including MQTT,
Modbus, and TCP/IP (see GitHub repository for the used RS-232
JavaScript plugin structure) [15—-18]. Wireless communication
standards like Bluetooth of WiFi can also be implemented (see
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Fig. 2) if appropriate hardware standards are met on both the back
end and instrument site of the setup.

With every start of the developed backend application, the Web-
Socket stack loads all plugin JavaScript files in a predetermined
directory and registers their name and provided function with a
custom plugin manager. When a client wants to trigger a measure-
ment it sends a request containing a valid action ID in a custom
WebSocket channel. The backend then checks if this request is
valid and synchronously returns an associated unique result ID to
the client, therefore allowing the client to issue multiple requests
in parallel. It then asynchronously performs the measurement by
calling the corresponding function on the loaded plugin and creates
a database entry (IOResult) for the result containing the same
unique ID that was returned to the client. The client receives the
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result value and ID asynchronously via a WebSocket channel and
then updates its interface. We chose an asynchronous approach
instead of a polling approach to improve application and backend
performance and scalability. Although the workflow data is linked
to an automatically generated ID that is traceable within the relati-
onal database, the registration of a custom ID might be desirable.
Depending on the technology that is used to trace samples within
the laboratory or company, different solutions are implementable.
Either the previous scanning of sample QR or barcodes or the
recording of voice and subsequent speech-to-text processing are
options to store individual sample IDs [19, 20]. Additionally, the IDs
in the database can be modified using standard SQL (Structured
Query Language) operations. The provided SQL API allows for
the integration of the database into third party software like LIMS
and ERP (entertprise resource planning) systems that enable the
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Exemplary screens showing the progress of the SOP for beer color determination displayed into the experimenter’s field of view.

(a) Master screen that is shown after opening the app and that lists the currently available SOPs and a short description (all im-
plemented SOPs are shown); (b) Ordinary instruction that is not mapped to an action (instruction text is shown in the gray box
under the instruction pictograms); (c) Ordinary instruction that precedes an instruction that triggers an action; (d) An instruction
that triggers an action and shows the successful execution (setting of a wavelength and blanking); (e) Display of a successful
measurement and the corresponding relative absorbance units; (f) Display of the experimental results using an equation that is

defined within the SOP
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Table 1 Implemented voice commands that allow the navigation

within the developed client Android application

Voice command | Triggered action

“Up” Navigates up in the master detail screen

“Down” Navigates down in the master detail screen

“Select” Selects and starts an SOP within the master detail
screen

“Next Step” Triggers the next step of the SOP

“Previous Step” Goes back to the previous step of the SOP

“Next Result” Navigates forward in the result menu in multipath
SOPs

“Previous Result” | Navigates backward in the result menu in multi-
path SOPs

“End protocol” Finishes the protocol after the last experimental
instruction and goes back to the master detail

screen

“Go home”

Ends the application

creation of experimental reports and the monitoring of experimental
progresses [21].

3.2. Front-end application for smartglasses

The developed applicationis running on Vuzix
M300 smartglasses (Vuzix Corp., USA) as
well as all other Android devices above API
Level 23 (restricted due to Vuzix development
tools). It features a Master-Detail application
flow (see Fig. 3, screen a) allowing the user to
first select a protocol and then guides the user
through the instructions, even allowing voice
navigation on the Vuzix M300 smartglasses
(see Table 1 for implemented voice com-
mands). Instructions are displayed according
to their type, i.e. timer instructions display a
specified countdown, equation instructions
display a mathematical equation that can
contain previous measurement results and
specific calculated results, and normal instruc-
tions are rendered with an associated image
plus a text overlay containing the instruction
text (see Fig. 3, screen 2). Additionally, if
measurements (actions) are associated with
the instruction, a list of pending measure-
ments is displayed, automatically executed
and finally displayed to the user (see Fig. 3,
screens 4 and 5). The application prevents
the progression of the SOP if a step is not
finished, such as a countdown has notrun out
yet or a measurement failed. If a multi-path
instruction is detected the useris prompted to
select a result that matches his experimental
progress. The correct following instructions
are then displayed to the user and irrelevant
instructions are hidden.

Fig. 4

files. A standard graphic format, which allows the use of nearly
every image editing program.

The evaluation of the application was done with test users that
are used to performing laboratory experiments and have a similar
professional background. The main focus was to reach a high
comprehensibility of the SOPs and an easy handling of the client
app to achieve an independent performance of an experiment. It
turned out that the used pictograms are comprehensible and the
voice commands could be processed with high accuracy. All test
persons could perform the implemented SOPs completely self-
reliant (see 3.4).

3.3 SOP creation and syntax

To ensure the creation of new SOPs by untrained users without
any programming skills, a human-readable, easy to understand
markup language format was chosen. The YAML format (YAML
Ain’t Markup Language) allows the straightforward construction of
SOPs, where a list of arrays forms a specific SOP step.

Each SOP has a unique ID, by which it can be identified and
retrieved by the Android client-application, as well as a name and

Points to next

Result(s)

Instruction(s)

One or more One or more

Zero or more

IOAction(s)

Lead(s) to

IOResult(s)

Flowchart of an SOP. An SOP consists of one or more instructions. An instruction
leads to one or more results (depending if it is a multipath experiment or not). An

instruction can contain zero or more IOActions. IOActions are instrument actions

SOP pictograms were custom-made for all

experimental steps and integrated as .png- meters)

that are triggered at a defined instruction. These IOActions lead to corresponding
IOResults (e.g. a successful measurement or the adjustment of instrument para-




BrewingScience January / February 2019 (Vol. 72) 6

name: Beer color determination
description: This method implies to eliminate subjective influences of the human eye as well as differences in the color
impression with the comparison of beer samples with a color card (MEBAK 2.12.1). The extinction of a diluted beer sample is
measured in a 1@-mm-cuvette at a wavelength of 438 nm. Color giving melanoides and melanoidines that are formed in the
brewing process absorb at 438 nm. The color in EBC units can be calculated by using an appropriate factor.
imageBasePath: beercolor/ # a path relative to the global image base path
instructions: # we will refer to instruction as steps and vice versa for the length of the example
- Step 1 : # this is the instruction identifier which is later used for target this instruction with a result

description: Beer color determination.\n Say “next step” to advance to the next work instruction and ,previous

step™ to go to the previously shown work instruction!

results:

- add a description for a result here: Step 2

- Step 2 :
description: Put on Gloves!
results:
- add a description for a result here: Step 3
- Step 3
description: Decant 25 mL of beer into a 56 mL Falcon tube
results:
- add a description for a result here: Step 4
- Step 10 :
description: Place cuvette with purified water into photometer. Say ,next step™ to blank the photometer!
results:
- add a description for a result here: Step 11
- Step 11 :

description: Blanking successful!
actions: # actions describe anything that happens with an external device
- plugin: photometer
action: setWavelength
wavelength: 43@
humanReadableName: Setting Wavelength to 438NM
unit: null
- plugin: photometer # the name of the corresponding plugin in labor-api (required)
action: zero # each plugin supports certain actions (required)
humanReadableName: Blanking photometer

results:
- add a description for a result here: Step 12
- Step 12 :
description: Remove previously inserted cuvette and place cuvette with beer sample into photometer
results:
- add a description for a result here: Step 13
- Step 13 :
description: Say ,next step™ to measure!
results:
- add a description for a result here: Step 14
- Step 14 :
description: Measuring Value
actions:

- plugin: photometer
action: measure
humanReadableName: Measurement at 438 nm
equationIdentifier: a
unit: rel. absorbance
results:
- add a description for a result here: Step 15
- Step 15 :
description: The color of your beer sample is: \n\nColor [EBC Units]:
equation: a*25*4

results:
- add a description for a result here: Step 16
- Step 16 :
description: Dispose all samples. \n The experiment has finished!\n Say \"end protocol\" to exit the SOP!
results:

- experiment is finished: null # if you specify null as the next instruction, the labor-api-cli will know that
this is your last instruction.

Fig. 5  Structure of an SOP using the suggested YAML structure. The SOP describes the spectrophotometric determination of beer color
(MEBAK 2.12.2, see chapter 2.3.1). The three dots after step 3 represent steps 4-9, which are ordinary instructions any instru-
ment actions involved. Gray highlighted text shows the name of the SOP and a description of the process that is shown in the
master screen (see Fig. 3 a), and the source directory of the image data. Italic and bold text marks descriptions that are shown
in the smartglasses’ display as instruction text under the individual step image. They can also contain equations (see step 15)
that process previously recorded data (so-called IOResults). Underlined text represents instrument actions (so-called IOActions),
which portray device events (e.g. measurements or adjustments). They can be linked to an equation identifier, which enables the
processing of instrument data that is recorded during the action in a later step (see step 15)
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a description. This unique ID is generated when the protocol is
initially uploaded with the developed command-line tool. In addition,
each SOP contains an array of instruction structures, where each
instruction represents a step in the source SOP (see Fig. 4). An
instruction contains a unique ID, a description, an optional image,
one or more results, zero or more I0Actions and optionally an
equation or atimer sequence (for incubation or waiting sequences)
(see Fig. 5). Each result contains a description, an optional image
and a target instruction identified by its unique ID. Instructions and
results fromacircular progression structure allowing it to effortlessly
represent multi-path SOPs, where experiment progression depends
onintermediary experimental results (e.g. specific color or turbidity
changes that require different experimental paths) (see Fig. 4).

IOActions contain a unique ID, a plugin name, a plugin function
name, optional plugin arguments, a human-readable name, an
optional unit, and an optional equation identifier. They represent
external laboratory instrument actions associated with this in-
struction. Plugin name and plugin action names map to plugins
provided by the custom plugin system through the WebSocket
API (see Fig. 2). The equation identifier can be used to reuse
the IOResult, which was retrieved in the associated instruction
in later instructions that might have an equation associated with
them (e.g. a calculation at the end of the experiment). Specifying
an equation on an instruction changes the type of the instruction
to display a calculated mathematical expression instead of a
description and image. Similarly, specifying timer duration on an
instruction changes the type of the instruction so that the client
will display a countdown. Pictograms are associated with the
instruction step by naming the specific pictograms after the step
(e.g. the pictogram for step 2 would be implemented as 2.png).
If no image data is available, only the text of the step description
is shown in the Android client app.

The four above mentioned MEBAK analyses (see chapter 2.3.)
have been implemented into the setup. Detailed illustrated SOPs
were worked out and have been tested (see online repository for
details) [15].

Although the first step to a user-friendly creation of SOPs for the
developed laboratory environment is done, future efforts include
the establishment of an “SOP wizard”. This tool shall make the
creation of SOPs even easier, by providing the user a graphical
user interface (GUI) to enter the descriptions, actions, and images.

3.4 System benchmark and user study

A benchmark of the system was performed by letting two groups
of test users perform the SOP for the spectrophotometric determi-
nation of beer color (see supplemental material for details). One
group used a paper-based SOP (see supplemental material) and
the other group performed the experiment using the smartglasses-
based SOP[15]. Atotal of 12 test users (6 female and 6 male users)
were used for the first benchmark of the system (see 2.4 for more
details). Users that are not familiar with the analysis method were
chosen astest persons, amethod previously reported to benchmark
assisted industrial assembly workflows [22]. Abenchmarking study
including method experienced laboratory technicians might have led
to a different outcome, though, and is intended for future studies.

08:00 ~
07:00

06:00

05:00
04:00
03:00

02:00

Experiment execution time [mm:ss]

01:00

00:00 -

T
Smartglasses-based execution

Paper-based execution

Fig. 6  Average experiment execution times of the paper-based

SOP execution of the spectrophotometric determination
of beer color (MEBAK method 2.12.2) (gray column) and
the smartglasses-based SOP execution of the same ex-
periment (white column)

The average execution time of the paper-based SOP was de-
termined as 6:16 min + 28 s (median: 6:14 min), whereas the
smartglasses-based execution time of the experiment could be
stated as 5:03 min + 24 s (median: 5:01 min; see Fig. 6).

Thisresultsinanaverage process efficiency boost of 19.4 % by using
the presented infrastructure. Due to the automated spectrophoto-
meter actions and the automated calculation of the experimental
result, time could be saved. It has to be stated that the performed
experiment only involves three instrument actions and only one
measurement and calculation. More complex smartglasses-based
SOPs could even increase the workflow efficiency compared to a
paper-based SOP execution. Because all test persons performed
the experiment for the first time, the developed system might as
well be an interesting tool to reduce initial training phases for
experimental workflows.

After performing the paper-based SOP, the first group of test users
was given the chance to perform the previously made experiment
using the smartglasses. Afterwards, all users participatedin asurvey
to rate the overall usability of the system and to state their opinion
about smartglasses technology inthe laboratory (see supplemental
material for details). Two of the study participants had previously
worn smartglasses, for demonstration purposes only, though.
The overall usability of the system received an average rating of
8.75 £ 0.75 on a scale from 1 (bad) to 10 (very good; median: 9),
which states a user-friendly and intuitive application design. Fur-
thermore, 4 out of 12 users stated that they have privacy concerns
about using smartglasses as a support for their laboratory work.
Yet, all participants declared that they think smartglasses have
the potential to increase the efficiency of laboratory work. 25 %
of the participants think that it takes a decade until the presented
technology is widely available inlaboratory environments, whereas
50 % think the technology will be already present in 3 to 5 years.
All but one participant of the survey reported that they sometimes
use their personal smartphone as a support during laboratory work
(e.g. to look things up, or to calculate dilutions, etc.). This indicates
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that smart devices are already part of the daily laboratory routine.
New solutions like smartglasses combine smartphone features
with a hands-free operating mode. Once this technology is more
widespread it has not only the chance to change the work effici-
ency in laboratories but also other professional environments [23].

5 Conclusion

We established a flexible digital laboratory infrastructure that
enables the bidirectional communication between smart devices
and laboratory instruments. Additionally, we were able to show
the applicability of smartglasses as a voice-controlled supporting
tool for analysis workflows in the brewing laboratory. We proposed
an easy to understand and human-readable SOP syntax for an
uncomplicated integration of SOPs into the developed infrastruc-
ture. Our benchmarks revealed that the established solution could
save time compared to a conventional paper-based experiment
execution and documentation. Furthermore, we could show that the
developed smartglasses application is user-friendly and features
an easy operation.

The described architecture has the potential to significantly ease
the work burden of performing and documenting standard experi-
mental processes since all device parameters and measurement
results are automatically saved within a designated database. The
integration of the system into commercially available electronic
laboratory notebooks or laboratory information and management
sytsems can be realized using the integrated SQL database API,
which enables the automated generation of a process report. Also
the communication with common ERP systems can be performed
to monitor the progression of workflows. This could lead the way to
data documentation being in accordance with good manufacturing
and good laboratory practice standards. Additionally, the proposed
solution might be of interest for education and training purposes
since an easy to handle application for the step-by-step experiment
performance is provided.

Smartglassesjustrecently emergedin science and other professional
fields. To unleash their full potential within the laboratory and other
environments, a holistic digitization approach mustbe pursued. The
IT infrastructure, as well as the instrument infrastructure, needs
to be set up or updated. To simplify integration work, instrument
manufacturers need to move together to agree upon consistent
instrumentcommunication standards. This results in less documen-
tation work, fewer documentation errors and inevitable efficiency
boosts. Although the performed process and hardware evaluation
can overall be described as positive, future work focuses on further
reliability tests, the scale-up of the instrument setup and the deter-
mination of the technology acceptance of test persons from a more
diverse field of professional backgrounds [24]. Another important
step that needs to be performed to use the proposed system within
the industry is the validation of the architecture and all of its com-
ponents [25, 26]. Furthermore, controversial issues regarding the
technology, including the potential violation of personal rights due
to the integrated camera system and the possible negative health
effects resulting from long-term usage of wireless technologies,
need to be discussed at length [27-29]. We decided to upload the
project code to GitHub, to enable other researchers to profit from

our findings and to evaluate the architecture in their laboratory
surroundings and to customize the software to fit their needs[15].
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