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R&B at a Glance

31

q R&B’s solution, AdOPT AI, is a cloud-
based software platform powered by a 

powerful

AI Engine. The platform’s analytics 

delivers actionable recommendations by 

acquiring and analyzing data from 

various databases and data feeds.

Data acquisition Data preprocessing Presentation AI Engine

Brief  introduction

u R&B Technology registered in
• Sugar Land, Texas, USA

u Artificial Intelligence (AI) technology

u Global presence

u Pioneer in the use of  AI for property 

management
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Issues for Operations Management 

Extreme shortage of  
professionals to execute O&M 

and Optimization

Workforce

Lack of  control decision 
transparency and shortage of  

domain expertise 

Difficult to use and capabilities 
not able to identify root causes 

or conduct commissioning

Domain 
Expertise

Software 
Tools

Multi-dimensional & 
nonlinear problems

Interactions too complicated to 
be identified by rules

Patterns & data 
characteristics difficult to 
identify with traditional 

tools

Domain knowledge 
alone can’t identify 

masked relationships
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BeOP’s AI Engine
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AI Engine

AI Graph

Knowledge Library

Algorithm Modules

Natural Language 
Processing

Machine Learning

Knowledge Graph

Time Series Data

Inference

Decision-making

Learning

AI Definition 



How AdOPT AI Engine Learns & Generates Knowledge
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Raw Data

Pre-Processing

AI Graph

Labelling

Knowledge 
library
8000+ rules

Minimal human 
interference with 
domain knowledge 

Applications

Fault 
Detection & 
Diagnostics

Optimization
Deep 

Inference
Failure 

Prediction

l Carefully designed and 
developed, AdOPT AI Engine
significantly reduces reliance 
on human expertise in 
various applications.

Algorithm 
Modules

Extracted object network from 
data

Automatically generated knowledge 
graph after labelling
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A Revolutionary Methodology of FDD

1. Autonomously learning patterns of  control threshold

2. Autonomously learning and generating AI graph

3. Deep inference over network 
paths to identify the root cause –
abnormal fan speed

4. Knowledge extraction

Use case: Significant deviation of  VAV airflow from set point
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A Case Study of AI-driven Analytics in Utility-level Solar Farm
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Operating data of  a 15-MW PV power station
• Amount of  equipment: 290 (Inverters, combiners)

• Data records: 22,878,357

• Sampling interval: 5 minutes

...

16

X16

X16

X15

Grid Generating 
unit

Inverter

Inverter

PV panels

Combiner

… 16

… 16

… 16

...

16

PV panels

… 16

… 16

… 16

On-grid electricity (kWh)

Total power generation (kWh)

Theoretical power generation (kWh)

Total DC input power (kWh)

Cumulative power generation (MWh)

PV voltage (V)

PV current (A)

Radiation (W/m2)

AC output power (kW) 

Total power generation (kWh) 

Daily power generation (kWh) 

DC voltage(V)

DC current (A)

• 15 Generating unit

• 2 Inverters of  each generating unit

• 16 combiners of  each inverter

• 14~16 branches of  each combiner

• 16 Photovoltaic panels of  each branch 

Combiner



Inverters
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AI Graph for the Solar Farm

§ AI detects abnormalities of  every piece of  equipment 

which is modelled with machine learning.

§ AI makes decisions on root causes over the graph that 

is modelled with historical data.

…

Weather

Operating data

Geographic location

Make decisions

Learn patterns

Infer root causes

Model training

Total  irradiation

Frequency

Ambient temperature

Wind speed

Wind direction

DC_V

Daily power generation
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How AI Makes Decisions?

Radiation 
(W/㎡)

Ambient T 
(℃)

Power (kW)

600 -10 30.7

100 15 7.2

1000 10 47.5

1000 25 44.2

800 35 36.7

1000 -10 47.5

100 10 7.2

800 25 37.6

1200 15 56.2

1000 35 40.9

800 10 37.6

1200 30 47.9

1200 25 52.9

600 10 30.7

1200 0 56.2

800 15 37.6

600 30 30.7

100 -10 7.2

1200 -10 56.2

100 20 7.2

Raw Data
AI learns patterns in terms of  
distribution, dependence, and 

time-series feature.

Score of dependence

AI decision-making 
process

The higher the solar 
radiation and the lower the 
ambient temperature, the 
more power generated



Proof of Concept of AI-powered Abilities
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AI  Engine

FDD

u Fault and abnormality 
detection

u Push alerts and automatic 
reporting

Prediction

u Generation ability

u Generation loss

u Dirt prediction on modules

u Auxiliary Power analysis

Analysis

u Equipment availability

u Generation efficiency

u Equipment performance

Significant Increase in Net 
Cash Flow



01
Fault Detection & Diagnostics

Powered by AI Engine
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Sensor FDD

Equipment FDD

Power generation performance diagnostics

Fault Detection 

1

2

3

Power generation correlation analysis and fault 
detection 

Fault detection 
model

Operating 
data

AI graph inferenceEquipment
Abnormality 

interpretation

Fault Detection & Diagnostics

§ AI runs FDD for each inverter and combiner

§ AI trained with data sets comprising of  multi-

variables such as temperature, radiation, time, etc.

§ Comparison actual performance of  each device and 

system to predicted performance



Detection of Low Amps at Inverters

#12_A_Inverter: Actual power generation is 
abnormally low

#12_A_Inverter anomaly index : The current value of  circuit 
05 and 07 is abnormally lowPower generation of  some junction boxes is 

abnormally low



Root cause tracing: current of  12_AHL_07 and 
12_AHL_05 combiners is abnormally small

Inference of Detected Low Amps at Junction Box



Detection of Abnormal Operation of an Inverter Fan
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AI detects the 
abnormality score 
exceeds the threshold 
on July 25, 2019. 

Features

• Communication normal

• Heat exchanger overheat

Probable cause

• The fan doesn’t work 

properly

Abnormality

Temperature

Abnormality 
threshold



Detection of Abnormal IGBT
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AI detects imbalance between 

phase A and phase B current at 

7am Sep. 16, 2019.

Features

• Communication feature

• Abnormal current with phase A 

and B

• The abnormality continues for 

quite a while

Probable cause

• Abnormal IGBT

Abnormality

Abnormality 
threshold

Phase A 
current
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Prediction

Powered by AI Engine
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Performance Analysis & Prediction

Performance Impact Factor

Performance Index Analysis

Correlation Analysis

Performance Prediction

Performance Prediction

1

2

3

4

Performance Impact Factor: Abnormal radiation of  inverter 
at the 8th zone A

Performance Index Analysis: Low efficiency of  inverter at the 
10th zone A



Prediction on Performance Degrading & Dirt Cleaning
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A

Power

Predicted 

power

Predictive generation model by AI
Mostly ambient temperature and solar radiation as 

input to predict power generation

Generation degrading % curve 
after offsetB

Deviation of  predicted power from actual 
power before degrading AI-A<0

JAN FEB … NOV DEC

How much actual generated power 
deviates from prediction?

Deviation of  predicted power from actual 
power after degrading AI-A<0



Power Loss due to Generation Degrading (at Modules)
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• Predicted power loss of  #14 circuit of  7AHL07 junction box due to degrading from Mar 25 
to Dec 17.

AI detects generation of  this module 
has degraded by approx. 10% since 
the end of  Aug. 2019.

AI learns trending features of  power generation out of  
operating data

If  it were cleaned at the end of  
Aug., up to 188kWh would have 
been added to power generation, 
equivalent to 13% of  total power 
this single circuit generated in 4 
months.



Power Loss due to Generation Degrading (at Junction Box)
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• Predicted power loss of  all circuits of  7AHL07 junction box due to 
degrading from Mar 25 to Dec 17.

If  it were cleaned at the end of  Aug., up to 
2263kWh would have been added to power 
generation, equivalent to 11.4% of  total 
power this junction box generated in 4 
months.

% power loss of  each circuit of  
7AHL07 junction box with median 
value 11%。

AI learns trending features of  power generation out of  operating data

AI detects generation of  this module 
has degraded by approx. 10% since 
the end of  Aug. 2019.
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Analysis

Powered by AI Engine



Performance Models of Inverters
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Efficiency under different 
power load

Efficiency under different 
temperature

Data from 03/25 to 
12/17

Historical data Pattern recognition Modeling



Comparison of Inverter Efficiency
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According to the performance model

When ambient temperature is 30℃
Efficiency of  inverter A at Zone 11 > 

that of  inverter A at Zone 1

Inverter A at 
Zone 1

Inverter A at 
Zone 11

VS

Data from 03/25 to 12/17 Decision-making support:

q Equipment health and conditioned 

maintenance during daily O&M.

q Reliable intelligence for equipment 

selection and evaluation during 

EPC.
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Financial Benefit
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30% 20%

• Reduction in power loss • Increase in work efficiency
• Decrease in operating & 

maintenance cost 

40%

$500,000/year for a 100MW Plant1

1: https://www.ge.com/renewableenergy/digital-solutions/digital-solar-plant



The End



Appendix: Typical Data Integration Architecture
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Option 3: Customer periodically calls AdOPT AI HTTP API

(Requires Customer to write API client)

Option 2: AdOPT AI periodically calls Customer HTTP API

(Requires Customer to provide API)

Option 1: AdOPT AI periodically fetches data from Customer Database

(Requires Customer to open database access)

IoT DB

API Gateway

Periodic Job

API Client

API Client

Customer Network BeOP Network

IoT DB
API Gateway



AI VisualizationMulti-site Analysis

KPI管理

Automatic Reporting

Appendix: Sample User Interface
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Automated FDD Equipment Performance Analysis Generation Performance Analysis


