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About:

When a very young child looks at a picture, she can identify simple elements: "cat,"
"book," "chair." Now, computers are getting smart enough to do that too. What's next? In a
thrilling talk, computer vision expert Fei-Fei Li describes the state of the art — including the
database of 15 million photos her team built to "teach” a computer to understand pictures — and
the key insights yet to come.

Subtitles and Transcript

Time Content

0:17(Video) Girl: Okay, that's a cat sitting in a bed. The boy is petting the elephant. Those are people that
are going on an airplane. That's a big airplane.

0:32 Fei-Fei Li: This is a three-year-old child describing what she sees in a series of photos. She might
still have a lot to learn about this world, but she's already an expert at one very important task: to
make sense of what she sees. Our society is more technologically advanced than ever. We send
people to the moon, we make phones that talk to us or customize radio stations that can play only
music we like. Yet, our most advanced machines and computers still struggle at this task. So I'm
here today to give you a progress reporton the latest advances n'1 o'ur research m. computer
vision, one of the most frontier and potentially revolutionary techno.logles in comp.uFer science.

1:23 Yes, we have prototyped cars that can drive by themselves, but w1thout. smart vision, they cannot
really tell the difference between a crumpled paper bag on the road, whn.ch can be run over, and a
rock that size, which should be avoided. We have made fab.ulous megapixel 'cameras, but we .ha.we
not delivered sight to the blind. Drones can fly ov'er massive lanc.i, but don't have enough vision
technology to help us to track the changes of the rainforests. Security cameras are everywhere, but
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12:43So0 walli't'a minute. Is that it? Has the computer already matched or even surpassed human
capabilities?Not so fast. So far, we have Just taught the computer to see objects. This is like a small
child learning to utter a few nouns. It's an incredible accomplishment, but it's only the first
step. Soon, another developmental milestone will be hit, and children begin to communicate in

sentences. So instead of saying this is a cat in the picture, you already heard the little girl telling us
this is a cat lying on a bed.

13:23 So to teach a computer to see a picture and generate sentences, the marriage between big data and
machine learning algorithm has to take another step. Now, the computer has to learn from both
picturesas well as natural language sentences generated by humans. Just like the brain integrates
vision and language, we developed a model that connects parts of visual things like visual
snippets with words and phrases in sentences.

14:01 About four months ago, we finally tied all this together and produced one of the first computer
vision models that is capable of generating a human-like sentence when it sees a picture for the first
time. Now, I'm ready to show you what the computer says when it sees the picture that the little girl
saw at the beginning of this talk.

14:30 (Video) Computer: A man is standing next to an elephant. A large airplane sitting on top of an
airport runway.

14:40 FFL: Of course, we're still working hard to improve our algorithms, and it still has a lot to
learn. (Applause)

15:27 FFL: And it hasn't learned to appreciate the stunning beauty of nature like you and I do.

15:33 So it has been a long journey. To get from age zero to three was hard. The real challenge is to go
from three to 13 and far beyond. Let me remind you with this picture of the boy and the cake
again. So far, we have taught the computer to see objects or even tell us a simple story when seeing
a picture.

16:02 FFL: But there's so much more to this picture than just a person and a cake. What the computer
doesn't see is that this is a special Italian cake that's only served during Easter time. The boy is
wearing his favorite t-shirt given to him as a gift by his father after a trip to Sydney, and you and I
can all tell how happy he is and what's exactly on his mind at that moment.

17:14 Little by little, we're giving sight to the machines. First, we teach them to see. Then, they help us to
see better. For the first time, human eyes won't be the only ones pondering and exploring our
world. We will not only use the machines for their intelligence, we will also collaborate with them
in ways that we cannot even imagine.

17:40 This is my quest: to give computers visual intelligence and to create a better future for Leo and for
the world.
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4:27 The first step towards this goal is to teach a com

il . puter to see objects, the building block of the visual
world. In its simplest terms, imagine this teachi

_ ¢ ) Ng process as showing the computers some training
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images. How hard can this be? After all, a cat is Just a collection of shapes and colors, and this is
what we did in the early days of object modeling. We'd tell the computer algorithm in a
mathematical languagethat a cat has a round face, a chubby body, two pointy ears, and a long
tail, and that looked all fine. But what about this cat? (Laughter) It's all curled up. Now you have to
add another shape and viewpoint to the object model. But what if cats are hidden? What about these
silly cats? Now you get my point. Even something as simple as a household pet can present an
infinite number of variations to the object model,and that's just one object.

§:43 So about eight years ago, a very simple and profound observation changed my thinking. No one
tells a child how to see, especially in the early years. They learn this through real-world experiences
and examples. If you consider a child's eyes as a pair of biological cameras, they take one picture
about every 200 milliseconds, the average time an eye movement is made. So by age three, a child
would have seen hundreds of millions of pictures of the real world. That's a lot of training
examples. So instead of focusing solely on better and better algorithms, my insight was to give the
algorithms the kind of training data that a child was given through experiences in both quantity and
quality. ,_

8:03In hindsight. this idea of using big data to train computer algorithms may seem .obwous‘now, but
back in 2007, it was not so obvious. We were tairly alone on this journey for quite a while. Some
very friendly colleagues advised me to do something -more useful for my tenure, and we were
constantly struggling for research funding. Once, I even joked to my gra (Ih::e dit: cpais t::at Lwonid
Just reopen my dry cleaner’s shop to fund ImageNet. .f\ﬁer all, that's how I fun '"'my 00 ege years.

8:4080 we carried on. In 2009, the ImageNet project delivered a databa'lse of 15 million lmages. across
22,000 classes of obiects and things organized by everyday English words. In both quantity and
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