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Transition Technologies PSC S.A. ("TTPSC") Collaboration, training, supervision, and support for industrial workers require solutions that enable remote interaction, immediate up-skilling, and hands-free information independence. These needs are addressed by technologies of augmented reality (AR) and wearable devices controlled with voice commands. Unfortunately, these devices do not have enough computing power to perform AR calculations, so we are conducting research on cloud-based computer vision algorithms to provide these devices with real-time AR techniques without adversely affecting the work time on a single battery charge La collaboration, la formation, la supervision et le support des opérateurs industriels requièrent des solutions permettant des interactions à distance. Ces besoins sont adressés par des technologies de réalité augmentée (AR) et des objets connectés portables pilotés par commande vocale. Malheureusement, ces appareils n'ont pas suffisamment de puissance de calcul pour effectuer des calculs AR. Nous conduisons donc des recherches sur des algorithmes de computer vision hébergés sur le cloud, pour fournir à ces appareils des techniques AR en temps-réel sans affecter négativement le temps de travail permis par l'autonomie de la batterie.

CCS CONCEPTS

Connected Worker -cloud-accelerated AR interaction techniques

Increasing the efficiency of remote communication and collaboration with hardware-agnostic AR technology based on a real-time spatial mapping and tracking powered by cloud and 3G/4G/5G networks

Introduction

Under industrial conditions, human-errors are usually caused by time pressure, fatigue, lack of knowledge or incomplete situational awareness. Situational awareness of steam escape valves, high temperatures, moving machinery, electrical and chemical hazards is key for industrial frontline workers. These conditions require application of specific PPE (Personal Protective Equipment) like hard hats, safety googles, gloves or operation under harsh conditions like confined spaces, heavy rain, dust or evaporating gases. Under such conditions workers typically need their both hands free -to interact with equipment, infrastructure and tools. It often contradicts with the use of any supporting resources like paperbased checklist, work-instructions in book binders or even use of tablets or computers. Lack of them may negatively impact worker safety, performance and quality of work done.

The problem gets even more complicated in case of unforeseen issues requiring collaborative troubleshooting or assistance given by personnel that is not available on site at the time of operations nor it is not possible to send an expert due to financial reasons or pandemic restrictions. Traditional teleconferencing solutions are not fitting industrial scenarios as they are more focused on fulfilling needs of office workers by providing ability of desktop/file sharing and leveraging the cameras mainly to stream user avatars instead of enabling over-the-shoulder support in a see-what-I-see manner. By leveraging the device cameras, it is possible not only to stream workers' surroundings but also to augment their fields of view with sticky AR tags overlaid on the real-world assets as visual cues that bring workers' attention to contextual/situational information which may boost work safety, productivity and quality. 

Existing AR interaction solutions and their limitations

Technology providers take part in the emerging trend of remote expert solutions that provide a promise in improving remote collaboration, but these solutions are still in their infancy stages facing four limitations: (a) AR is available only on a subset of consumer-oriented smartphones and tablets requiring touch-based user interface which is not aligned with the need of having both hands free for manual labor; (b) implementations of mixed reality on smart glasses with stereoscopic transparent displays must overcome vergence-accommodation conflict drawbacks hindering visual performance and causing visual fatigue; (c) majority of smart glasses do not deliver full-shift battery use as the use of AR is computationally demanding and significantly decrease how long the device can be used in the field without recharging; (d) solutions for monocular wearables do not offer AR overlays due to the lack of onboard processing power and incompatibilities with common AR libraries like ArCore or ArKit

Connected Worker project

To address existing limitations, TT PSC launched a research and development project called Connected Worker i which is financed with the funds from National Centre of Research and Development in Poland. The aim of the project is to develop remote, multi-platform SLAM ii algorithms using CUDA parallel computing in the cloud to enable real-time augmentation and occlusion on mobile / wearable equipment with low computing power. The technological novelty will offload complex AR computations from the device to cloud infrastructure allowing industrial workers to display persistent AR content and real-time occlusion on any device (regardless of manufacturer, power, system) and will improve the security and efficiency of remote collaboration and communication under professional isolation conditions.

Demo of remote AR FOR CONNECTED WORKERS

Scientific goals

The project aims at offloading computing vision computations to cloud infrastructure accelerated with GPU cards and the use of remote computing in real time to: (a) launching AR applications in real-time on devices that do not support AR; (b) mapping industrial spaces in real time and tagging them with information; (c) creating a multi-session SLAM server to perform the interaction enriched with AR tags; (d) visual guidance and information retrieval in the field; (e) real-time dense occlusion rendering to increase the realism of the presented AR information

Functionality of the demo

TTPSC will show remote SLAM algorithms and application software platform with voice-controlled device RealWear Navigator 500. The demo brings computer vision at the edge, combining video application software running on the wearable with powerful cloud servers running SLAM on GPU. In real-time, the 2D video feed is streamed to the cloud to recognize visual points as belonging to real-world objects, and tracked frame-by-frame, generating a local 3D coordinate system from a regular video. Once the system begins tracking, the positions of real objects are recognized and identified even though the field of view and position of the head-mounted camera is changing as the user moves.

The demo will show a worker in the pipe room of a building tagging objects such as valves and pipes dynamically with voice commands. These objects become persistent and are recognized even if they exit the frame and return later due to the user's movements. Once tagged, they can be recognized by a different user coming with a second device later or a remote person via the web browser. The demo will combine remote assistance with live annotations, spatially labelled work instructions, pipe pressure readings from IoT sensors and access to technical documentation.
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i The project is co-financed by the European Union from the European Regional Development Fund under the Intelligent Development Operational Program 2014-2020. Project value: PLN 5 305 218.59. Co-financing from the European Union: PLN 2,864,235.85. ii Simultaneous Localization And Mapping