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Abstract: PIE-Engine is a comprehensive remote sensing cloud platform developed by PIESAT, which allows users with free full access to multiple remote sensing satellite data and provides services for remote sensing storage, calculation, management. It contains 4 modules: PIE-Engine factory for data processing, PIE-Engine AI for intelligent interpretation, PIE-Engine Server for data publishing, PIE-Engine Studio for remote sensing computing. It has been widely applied in industries such as natural resources, maritime, risk reduction, environmental protection, etc.
1.  Introduction to PIE-Engine remote sensing cloud platform

1.1 R&D Background and Positioning of PIE-Engine

PIE-Engine is the brand-new product system, which is independently developed by PIESAT. The fundamental reasons of building this engine can be summarized from two major parts, one is to tackle the problems for users and the other is to address the issues carried by competitor. Specifically, the low popularization level of professional remote sensing software among people who have less academic knowledge, and the financial/time cost for technicians should be gave extra attention to and tackled.

As for the external consideration, the existed Google Earth Engine has already efficiently solved lots of internal concerns mentioned above, and has been largely recognized and utilized worldwide. However, with the GEE sometimes being regarded as the monopoly and hard to compete with, PIE-Engine reveals relatively lower costs and time-saving compared to GEE. Meanwhile, along with the enormous rise in Chinese satellite launching and Beidou Navigation System, PIE-Engine has a full access to all the satellite data obtained by those satellites and systems. In this way, users from all over the world can access this platform freely without worrying about confidentiality and safety issues, as this platform is open-to-public with no charge.

PIESAT regards it as our responsibility to fill in this gap in the market, using owned technologies to realize the independent localization. PIE-Engine takes online code programming as the main used mode, and provides a complete online development environment, including modules for resource search, code storage, code editing, running interaction, map display, and so on. Since there are certain similarities between those two can be easily recognized, the users are expected to switch seamlessly from GEE to PIE-Engine.  

The target users of PIE-Engine will mainly be software-as-a-service (SaaS) users, including remote sensing scientific research practitioners, educational practitioners, commercial enterprise users. This engine provides massive remote sensing data, dynamically scalable cloud computing resource, remote sensing core algorithms and real-time computing services. Core algorithms and real-time computing services are completely and independently developed. The provided services mainly include basic processing, logical operations, index statistics, analysis and reasoning, etc.

PIE-Engine not only provides access interfaces for foreign Landsat series, Sentinel series satellite remote sensing data and Chinese high-resolution series, environmental series, resource series and other satellite remote sensing data, but also contains a large number of remote sensing general algorithm and thematic algorithm. For example, based on multi-temporal Landsat and Sentinel data, analysis and processing such as crop growth monitoring, regional drought analysis, water body change analysis, and urban change monitoring can be performed in real-time.

1.2 Essential Notes on PIE-Engine 

PIE-Engine is a comprehensive product system and is expected to fully provide one-stop service for remote sensing storage, calculation, management and use, which integrates remote sensing image processing technology with cloud computing, artificial intelligence, big data and other IT technologies. 

1.3 Highlights 

1) Abundant image data sources;

2) Powerful background computing capabilities;

3) Visual display of calculation results;

4) User-friendly operation
1.4 Typical Application

The following are 4 industries who benefits the most from PIE-Engine.

1) Natural resources:

Based on the remote sensing cloud platform, the basic information system of dynamic monitoring, evaluation and early-warning management system for land and spatial planning have been developed to provide services for the natural resources industry.

2) Marintime:

Establishment of marine environment information service system is based on remote sensing cloud platform, and it provide users with full-process solutions for marine informatization, including marine satellite remote sensing, marine observation exploration, marine numerical forecasting and other multi-source data collection and analysis, quality control, and standard data set production, fusion analysis, statistical analysis and comprehensive visual display.

3) Risk reduction:

Intelligent detection and early-warning of disasters.

4) Environment protection:

Based on remote sensing cloud platform, PIE-Engine fully combines satellite monitoring, drone monitoring, and ground surveys to provide monthly monitoring results of urban black and odorous water bodies and provide information support for on-site law enforcement. It has been commercialized in Beijing for 2 years.

1.5 4 PaaS Provided by PIE-Engine

1) PIE-Engine factory for data processing

PIE-Engine Factory provides a wealth of algorithms and production line templates for mainstream satellite remote sensing data, and supports the automation and mass production of standardized products of multi-source remote sensing data, as well as the inversion of ecological parameter products, quality inspection and accuracy assessment of the above products. At the same time, it provides the interface integration, process scheduling, parallel scheduling and task monitoring functions of the algorithm module, which can provide a unified interface standard and service integration platform for data processing, special product analysis and production in various industries.

2) PIE-Engine AI for intelligent interpretation

PIE-Engine AI can provide sample labeling, sample management, model construction, training deployment, intelligent interpretation, and result release full-process integrated services, which greatly improves the level of intelligent analysis for remote sensing imageprocessing, and accelerates the transformation from data to information. Currently based on PIE-Engine AI, it can provide dozens of remote sensing intelligent interpretation services for multiple industries such as land, transportation, electric power, and national defense.

3) PIE-Engine Server for data publishing

PIE-Engine server has the ability to coordinate management and release of multi-source massive satellite image data, products, basic geographic information data, public data, industry business data, and provide cataloging, updating, storage, retrieval and distribution of multi-source data. The data center cloud service can coordinate the management of 16 types of spatial data. Using distributed hybrid storage engine technology, it can virtually integrate remote data, realize the integration of management and release, and data management is released immediately.

4) PIE-Engine Studio for remote sensing computing

Remote sensing computing cloud engine is an online remote sensing cloud computing platform, which integrates real-time distributed computing, interactive analysis and data visualization. Based on cloud computing technology, it collects remote sensing data resources and large-scale computing power resources. The application of PIE-Engine will greatly reduce the time and resource costs of remote sensing researchers and engineers through online on-demand real-time computing.

.

1.6 PIE-Engine’s Features

There are some comparative features of PIE-Engine for better understanding of the competitiveness at the market.
1) Data service: 

PIE-Engine provides data management and data retrieval functions. Users can search for the collection of the public data system, private data uploaded during history, location information, etc.;

2) Data processing: 

Through independent writing of script codes, users can use cloud computing resource to process distributed real-time calculations to realize the processing, analysis and application of remote sensing data;

3) Vector editing: 

Users can draw vector graphics on the map layer for coding, machine learning model training and results editing;

4) General functions: 

Provides user management, authorization authentication, security prevention and control, code confusion, network protection and other functions;

5) Data visualization: 

The user can determine the style of displaying by controlling the configuration information of the display layer;

6) Code management: 

Users can create private scripts independently, and can process functions such as modification, deletion, editing, and version management.
PIE-Engine has others superior advantages, one is about its powerful computing resource. Since the software is based on cloud platform, the application of cloud computing resource can highly improve users’ working efficiency without too much relying on the high-performance equipment. Second is about its abundant data sources, which enables access to multi-source data in real time, including a lot of low- or medium-resolution data, where users can directly call the data without spending much time on searching and downloading. Third is PIE-Engine is simple and easy to use. The entire interface adopts similar style to the GEE, so that users can easily and seamlessly switch to the use of PIE-Engine; Forth reason is to visually display the results through map and icon display. The fifth is about open sharing. PIE-Engine is open to all users with public access and temporarily free mode. And finally, there are a wide range of research scenarios PIE-Engine supports, with a lot more to be delivered in the future.

2. Application Case of PIE-Engine

Remote sensing computing cloud service is capable with realization of not only single image analysis, but also the large-scale and long-term sequence of the fusion of multiple images.

2.1 Green Vegetation Coverage in Beijing

This application is the analysis of green vegetation coverage in Beijing, which mainly uses the fusion of multiple images to calculate the NDVI vegetation index, and analyze the green vegetation coverage and the growth situation accordingly.

First, it uses time and regional conditions to filter and obtain multi-temporal Landsat8 images of more than 40 scenes, to realize cloud removal fusion based on cloud cover band, then calculate NDVI index for the result image, and finally output the final result with Beijing administrative division vector.

All the above processes use distributed real-time calculation in the cloud, and the total calculation time is usually less than 10 seconds. Therefore, in addition to the real-time distributed computing capability, PIE-Engine is also capable of providing rich front-end development and visualization capabilities. If the user is interested in the index value of a specific location, he can click on it and PIE-Engine will calculate the NDVI value of specific location in real time on-demand and output the result in the information window.

