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PLATFORM FOR GATHERING REAL-TIME 
ANALYSIS 

RELATED APPLICATION 

0001. This application claims priority under 35 U.S.C. 
S119(e) to U.S. provisional application No. 62/237,733 filed 
Oct. 6, 2015, the entire contents of which are hereby 
expressly incorporated by reference herein. 

TECHNICAL FIELD 

0002 The subject matter described herein relates to 
improving machine decision making. 

BACKGROUND 

0003. In artificial intelligence (AI), difficult problems are 
informally known as AI-complete or AI-hard, implying that 
the difficulty of these computational problems is equivalent 
to that of solving the central artificial intelligence problem, 
which is making computers as intelligent as people, also 
referred to as strong AI. An AI-complete problem is one not 
Solved by a simple specific algorithm. AI-complete prob 
lems include computer vision, natural language understand 
ing, dealing with unexpected circumstances while solving 
any real world problem, and the like. Currently, AI-complete 
problems cannot be solved with modern computer technol 
ogy alone. 
0004 Current AI systems can solve very simple restricted 
versions of AI-complete problems, but never in their full 
generality. When AI researchers attempt to “scale up their 
systems to handle more complicated, real world situations, 
the programs tend to become excessively brittle without 
commonsense knowledge or a rudimentary understanding of 
the situation. In other words, they fail as unexpected cir 
cumstances outside of its original problem context begin to 
appear. When human beings are dealing with new situations 
in the world, they know what to expect: they know what all 
things around them are, why they are there, what they are 
likely to do and so on. Humans can use context and 
experience to guide them in recognizing unusual situations 
and adjusting accordingly. A machine without strong AI has 
no other skills to fall back on So Some machine decision 
making applications are intractable. 

SUMMARY 

0005. In an aspect, data is received characterizing a 
request for agent computation of sensor data. The request 
includes a required confidence and required latency for 
completion of the agent computation. Agents to query are 
determined based on the required confidence. Data is trans 
mitted to query the determined agents to provide analysis of 
the sensor data. 
0006. In another aspect, sensor data is received. The 
sensor data is classified into one of two or more classes by 
at least a machine computation component including a 
predictive model trained on data labeled by at least an agent 
computation component. The agent computation component 
includes a platform to query an agent. The classification is 
provided. 
0007. In yet another aspect, sensor data is received. 
Processing by an agent computation component is requested 
and a result and a confidence measure of the result is 
received from the agent computation component. The con 
fidence measure of the result exceeds a predefined threshold. 
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The sensor data provided to a machine computation com 
ponent as an input and the result from the agent computation 
component is provided to the machine computation compo 
nent as Supervisory data to train a predictive model of the 
machine computation component. 
0008. One or more of the following features can be 
included in any feasible combination. For example, deter 
mining agents can be further based on at least one of a 
measure of agent quality, a measure of expected agent 
latency, and proximity to average completion time for a 
current task. Data characterizing query results from a plu 
rality of the determined agents can be received. Data to 
query additional agents to achieve the required confidence 
can be transmitted when two or more of the received query 
results are inconsistent. A number of additional agents to 
query to achieve the required confidence can be determined. 
Quality of available agents in a pool of agents can be 
determined. A minimum quality required of a to-be-queried 
agent to achieve the required confidence can be determined. 
0009. The measure of agent quality for agents in a pool 
of agents can be determined. The measure of agent quality 
can be determined as a ratio of a number of query responses 
deemed correct to a number of total queries. A measure of 
expected agent latency for agents in a pool of agents can be 
determined. The measure of expected agent latency can be 
determined as a Poisson process. The expected latency can 
be less than 30 seconds. The agent computation can be 
defined by a question with at least two predefined answers. 
At least one of the receiving, determining, and transmitting 
is performed by at least one data processor forming part of 
at least one computing system. 
0010. The sensor data can be of a security system asset 
that is an imaging device, a video camera, a still camera, a 
radar imaging device, a microphone, a chemical sensor, an 
acoustic sensor, a radiation sensor, a thermal sensor, a 
pressure sensor, a force sensor, or a proximity sensor. 
0011. The sensor data can include an image including a 
single image, a series of images, or a video. The computa 
tional task can include: detecting a pattern in the image: 
detecting a presence of an object within the image; detecting 
a presence of a person within the image; detecting intrusion 
of the object or person within a region of the image: 
detecting Suspicious behavior of the person within the 
image; detecting an activity of the person within the image: 
detecting an object carried by the person, detecting a tra 
jectory of the object or the person in the image; a status of 
the object or person in the image; identifying whether a 
person who is detected is on a watch list; determining 
whether a person or object has loitered for a certain amount 
of time; detecting interaction among person or objects; 
tracking a person or object; determining status of a scene or 
environment; determining the sentiment of one or more 
people; counting the number of objects or people; determin 
ing whether a person appears to be lost; determining whether 
an event is normal or abnormal; and/or determining whether 
text matches that in a database. 

0012 Processing by the agent computation component 
can be requested and a result and a confidence measure of 
the result from the agent computation component can be 
received. The confidence measure of the result can exceed a 
predefined threshold. The sensor data can be provided to the 
machine computation component as an input and the result 
from the agent computation component can be provided to 
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the machine computation component as Supervisory data to 
train a predictive model of the machine computation com 
ponent. 
0013 The agent computation component processes the 
sensor data by at least: receiving data characterizing a 
request for agent computation of the sensor data, the request 
including a required confidence and required latency for 
completion of the agent computation; determining agents to 
query based on at least one of the required confidence, a 
measure of agent quality, a measure of expected agent 
latency, and proximity to average completion time for a 
current task; and transmitting data to query the determined 
agents to provide analysis of the sensor data. 
0014. The machine computation component can include 
a deep learning artificial intelligence classifier, a deep neural 
network, and/or a convolutional neural network. The 
machine computation component can detect objects and 
classify objects in the sensor data. At least one of the 
receiving, classifying, and providing can be performed by at 
least one data processor forming part of at least one com 
puting System. 
0015 Non-transitory computer program products (i.e., 
physically embodied computer program products) are also 
described that store instructions, which when executed by 
one or more data processors of one or more computing 
systems, causes at least one data processor to perform 
operations herein. Similarly, computer systems are also 
described that may include one or more data processors and 
memory coupled to the one or more data processors. The 
memory may temporarily or permanently store instructions 
that cause at least one processor to perform one or more of 
the operations described herein. In addition, methods can be 
implemented by one or more data processors either within a 
single computing system or distributed among two or more 
computing systems. Such computing systems can be con 
nected and can exchange data and/or commands or other 
instructions or the like via one or more connections, includ 
ing but not limited to a connection over a network (e.g. the 
Internet, a wireless wide area network, a local area network, 
a wide area network, a wired network, or the like), via a 
direct connection between one or more of the multiple 
computing Systems, etc. 
0016. The details of one or more variations of the subject 
matter described herein are set forth in the accompanying 
drawings and the description below. Other features and 
advantages of the subject matter described herein will be 
apparent from the description and drawings, and from the 
claims. 

DESCRIPTION OF DRAWINGS 

0017 FIG. 1 is a process flow diagram illustrating a 
method of augmenting artificial intelligence with human 
intelligence tasks; 
0018 FIG. 2 is a state diagram of an example solution 
state machine as defined by a modality; 
0019 FIG. 3 is a diagram illustrating composite modali 

ties to solve a higher-order problem; 
0020 FIG. 4 is a process flow diagram illustrating a 
method of augmenting artificial intelligence using compos 
ite modalities; 
0021 FIG. 5 is a system block diagram of an example 
analysis platform including Software components for com 
bining machine and human intelligence as a solution for 
responding to questions and problem Scenarios; 
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0022 FIG. 6 illustrates an exchange of an event messag 
ing System; 
0023 FIG. 7 is a data flow diagram illustrating data flow 
between components of a platform during a process of 
augmenting artificial intelligence with human computation; 
0024 FIG. 8 is a block diagram illustrating example 
metadata; 
0025 FIGS. 9-11 are tables illustrating example modali 
ties and example security scenarios to which the modality 
can apply: 
0026 FIG. 12 is a system block diagram of an example 
machine computation component system that implements a 
deep learning based object detector; 
0027 FIG. 13 illustrates an example input image and an 
example output image to an artificial intelligence system; 
0028 FIG. 14 is a system block diagram illustrating an 
object detector web application program interface; 
0029 FIG. 15 is a system block diagram illustrating an 
example system including a human-computation element 
and a machine decision-making algorithm; 
0030 FIG. 16A is a process for injecting human-compu 
tation into a machine decision-making algorithm; 
0031 FIG. 16B illustrates an example image: 
0032 FIG. 17 is a system block diagram illustrating an 
example implementation of the current Subject matter for a 
Video/face recognition system; 
0033 FIGS. 18 and 19 are process flow diagrams illus 
trating using the current Subject matter for face recognition 
and using the face recognition system; 
0034 FIGS. 20 and 21 illustrate applying the current 
Subject matter to handle a wide variety of tasks, such as 
counting sports utility vehicles (SUVs) in a parking lot or 
validating computer vision analytic performance; 
0035 FIG. 22 is a block diagram illustrating an example 
of hardware used by the current subject matter; 
0036 FIG. 23 is a process flow diagram illustrating an 
example method for managing agent queries to ensure 
confidence in a result provided by an agent computation 
component; 
0037 FIG. 24 is a graph of accuracy vs. confidence per 
number of agents using the above-described model; 
0038 FIG. 25 is a bar graph illustrating an example 
probability mass function of expected latency when 
expected latency is modeled as a Poisson process; 
0039 FIG. 26 includes four plots showing the number of 
agents required to meet a confidence value according to an 
example implementation; 
0040 FIG. 27 illustrates four plots of latency versus 
average agent response time; 
0041 FIG. 28 is a system block diagram of an example 
agent management System; 
0042 FIG. 29 is a system block diagram of an example 
agent management services; 
0043 FIG. 30 is a data flow diagram illustrating data flow 
between components of the example system when a task 
specification is created; 
0044 FIG. 31 is a data flow diagram illustrating data flow 
between components of the example system during a work 
session; 
0045 FIG. 32 is a data flow diagram illustrating data flow 
between components of the example system during task 
specification resolution; 
0046 FIG. 33 is a system block diagram illustrating 
agent client architecture; 












































