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2. Models and technologies for building complex experiment automation systems in the concept of the Internet of
Things

Pedepar:

1. Inceprariito NpUCBSIYEHO PO3pPOOLi MOLeIel, apXiTEKTypHy Ta IPOrPaMHO-aNapaTHUX 3aC00iB KOMILIEKCHUAX
CHCTEM KOMII'FOTEPU30BAaHOT0 HAYKOBOI'O EKCIIEPMMEHTY Ha OCHOBI KOHLIEINIi IHTepHeTy peyei i3 3aCTOCYyBaHHAM
II0 337124 ONTUYHOI CIIeKTPOMeTPii. ¥ po6oTi mpoaHasizoBaHO eBOJIIOL0 Ta cydacHui cra loT-cucrem
aBTOMaTu3alii eKCriepuMeHTy, IOPiBHIHO KoMyHikaliiHi npoTokoan MQTT, HTTP /REST Ta ESP-NOW, a Takox
xMapHi matdopmu AWS [0T Core, Arduino IoT Cloud i HiveMQ Cloud. 3anponoHoBaHo y3araiabHeHy mogenb 1oT-
OPi€HTOBaHOI €KCIIEPUMEHTAIbHOI CUCTEMH, AIUTUBHY MOJIEJIb HACKPI3HOI 3aTPUMKHU Ta MOZEJIb HAaJliIMHOCTI
IOCTaBKHY NOBioMiieHb. Po3po6yieHO MeTo, anapaTHoi abeTpakuii ijis yHidikoBaHoro goctyny no USB-
crieKTpoMeTpiB. PeanizoBano xmapHy cuctemy Ha 6a3i AWS [oT Core, DynamoDB, Lambda ta Grafana, a Takox
KOHLEMIIi}0 iHTEepaKTUBHOTO CIIEKTPaIbHOro KOHTpoJio Ha Arduino IoT Cloud. EkciepyuMmeHTanbHO JOCIIIKEHO
3aTpumku MQTT 3a piBHaAMuU QOS Ha ABOX XMapHUX Opokepax i mopiBHsIHO 3 ESP-NOW.



2. The dissertation is devoted to the development of models, architecture, and software-hardware means of
integrated systems for computerized scientific experimentation based on the Internet of Things concept, with
application to optical spectrometry tasks. The work analyzes the evolution and current state of loT-based
experiment automation systems, and compares the communication protocols MQTT, HTTP /REST, and ESP-NOW,
as well as the cloud platforms AWS IoT Core, Arduino IoT Cloud, and HiveMQ Cloud. A generalized model of an
IoT-oriented experimental system, an additive end-to-end latency model, and a message delivery reliability model
are proposed. A hardware abstraction method is developed for unified access to USB spectrometers. A cloud-
based system is implemented on AWS IoT Core, DynamoDB, Lambda, and Grafana, along with a concept for
interactive closed-loop spectral control on Arduino [oT Cloud. MQTT latency is experimentally studied across QoS
levels on two cloud brokers and compared with ESP-NOW.
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