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| Have Spent Ten Years

Quantifying My Body
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BY JON COHEN

The Patient of the Future
3 Internet pioneer Larry Smarr's quest to quantify everything about his health led him to a startling
( SD discovery, an unusual partnership with his doctor, and more control over his life

UClIrvine www.technologyreview.com/biomedicine/39636




BodyMedia Sensors Measures Acceleration, Skin Temperature,
Skin Heat Flux, and Galvanic Skin Response

www.bodymedia.com January 29, 2011 saturday Physical Activity
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Published Comparison of BodyMedia

with Sleep Lab Polysomnography (PSG)

* 27 participants (Mean age = 28.7 years, 16 women) underwent
PSG recordings while wearing the armband.

* PSG and armband data were scored in 20-second epochs.

* BodyMedia's sleep algorithm was developed using techniques
from statistical machine learning.

* The algorithm correctly identified 93% of all sleep epochs, and
83% of all wakefulness epochs, for an overall epoch-by-epoch
accuracy of 89%.

* The algorithm correctly identified 65% of all NREM sleep
epochs (vs. 43.9% by chance), and 45.6% of all REM sleep
epochs (vs.13.9% by chance), for an epoch-by-epoch accuracy
of 70% (vs. 39% by chance).

_ www.bodymedia.com/Professionals/Key- .
UCSD Publications/Abstract-presented-at-SLEEP-2006- ‘IZS;
UClIrvine 20th-Anniversary-Meeting-of-the-AOSS-2006



Quantifying My Sleep Pattern Using Zeo -

Surprlsmgly About Half My Sleep iIs REM!

1% Wake 0:03

Hida Caolors

Liont K
Decp B8

Total Z: 9 hr 31 min

6% Deep Sleep 0.37

22% REM 4:55 41% Light Sleep 3:55

Time toa Z: 0 hr 2 min

UCsD REM is Normally 20% of Sleep An Infant Typically ‘ff‘;

UCIrvine Mine is Between 45-65% of Sleep Has 50% REM



| Have Worn A Zeo

for 400 Nights
The Measured Life

Do you know how much REM sleep you got last night? New types of devices that monitor activity
sleep, diet, and even mood could make us healthier and more productive

JULY/AUGUST 2011 | BY EMILY SINGER

i _ | MIT Graduate student lan Eslick
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Published by MIT
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On the Road Zeo Solution:
Link Headband to Android Smartphone

Eilmr'lg
Track History
____

S:40™e
: © 10:41PM

Sun, Apr 15, 2012

0‘?'; -I”.Bu d

Hlﬂmdm
To track your sleep, undock
your headband and put it on,

REM

UcCcsD
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Published Comparison of Zeo with

Sleep Lab Polysomnography (PSG)

Shambroom JR, Johnstone
Total Sleep Time VS I L X0 L] :
i J, Fabregas SE. Evaluation

) -
il of Portable Monitor for Sleep
- zss(17) Staging. Sleep. 2009;32

lime in Deep WS ) (Suppl.): ?\138826 Abstract
I 25 (5) ;
w2

Time in REM WS | 1l <Sleep in the laboratory at the participant’s habitual
- bedtime

: *Concurrent measurement of PSG and WS
M2

Timme in Wake WS *PSG data collected with Cadwell Easy Il PSG,

T sampled at 200 samples per second
i WS data were sampled at 128 samples per second
V4709
Times Woken Ws B4sa.1 *Sleep records were scored blinded to WS

by 2 trained technicians (M1 and M2)
according to Rechtschaffen & Kales
m2 | a1009 Sleep records were scored automatically by the WS

UucCcsD | | > W,
www.myzeo.com/sleep/sites/default/files/Shambroom%2C%20

UClIrvine Johnstone%2C%20Fabregas Validation 2009 APSS poster.pdf

M1 | za00.49



Recent Paper Details Comparing Zeo Accuracy
vs. Sleeplab and Actigraphy

J. Sleep Res. (2012) 21, 221-230 Wireless system to monitor sleep

Validation of an automated wireless system to monitor sleep In
healthy adults

JOHN R. SHAMBROOM', STEPHAN E. FABREGAS' and JACK JOHNSTONE?
'Zeo Sleep Research Center, Zeo, Inc., Newton, MA, USA and EVE."E'},I’ Sleep Center, Burbank, CA, USA

&’
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How the ZQ is Computed:

A Typical Night with ZQ=100

Your Sleep 7Q Breakdown
Monday, Apr9, 2012 |
Total ZQ View By | Night v |
Total Sleep Time ZQ Points
Total £

Restorative Sleep
Time in Desap

Time in REM

Disrupted Sleep

Time in WWake -1

Times Woken

&’
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My ZQ Can Vary

By a Factor of Two

There are 400 nights of sleep in your account. Uncheck a night to delete it.

€« B Page 40 of 40
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a0
a0
40
20
20
10
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My Total Sleep Can

Vary by a Factor of 2

Apr 6, 2012 - Apr 16, 2012

Display | Total Z v | View By | Night \
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My Deep Sleep Duration

Can Vary by a Factor of 3

Apr 6, 2012 - Apr 16, 2012

Display | Time InDeep | v | View By | Night v |
1:00
0:45
0:30
EHS I I I
F =S S M T W T S S M
4/06 407 4/08 4/09 410 411 412 4114 4115 416
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My Average ZQ is About 100 --

ZQ Average is 66 for Males in Their 60s

Sleep History Snapshot 7-Night ZQ
114
102 107 107
i
= = 0 T W

203 204 2/05 206 /a7 2/09 210
UCsSD > A7
UClrvine "l_)



| Have Over Twice the REM Sleep of
a Normal Male in Their 60s

Average

ZQ
Total Sleep
REM
Deep

Wake

UClIrvine

Normal Person
In Their 60s

66

6.3 hrs

1.9 hrs

41 min

40 min

LS Values From Ten Days 8/31/11 to 9/10/11

Source: Zeo.com

100

8.5 hrs

4.5 hrs

40 min

15 min




| Have a Fairly Stable Amount of Sleep:

Monthly Averages

Oct 2010 - Jul 2011 0 e Jul 2011 - Apr 2012
Display | Total Z ¥ | View By | Month v Display | Total Z * | View By | Month v
8:00
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6:00
500
400
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Oct Mo Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Now Dec Jan Feb Iutar Apr

&
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Possible Weak Seasonal Effect

On Quantity of Deep Sleep

Oct 2010 - Jul 2011 Jul 2011 - Apr 2012

Display | Time InDeep | v | View By | Month v Display | Time InDeep | » | View By | Month
1:00
0:45
0:30
IMS J J J J J J J J J J
— — — — — I - — —
Oct Mo Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Maw Dec Jan Feb Mar Apr
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Zeo Lets One Couple

Sleep Journal Entries to Sleep Data

Jan 8, 2012 - Jan 26, 2012

Display: | Time In REM ¥ | Show: |¥| Your avg.

B:00

515 o )
e a:1gp. 430 A

345 W

3:00 v =

215

1:30

0:45

(.

Sun Mon Sat Mon Tue Wed Thu Fri Zat Sun Mon  Tue Wed Thu
108 109 1M4 1116 417 118 119 1720 1/21 /22 1/23 1724 1125 1726

Dizplay sleep factors from your Sleep Journal: Dizplay feel scores from your Sleep Journal:
Sleep Stealer Score Falling Asleep Bedroom Morning Feel Day Feel
Dizruption Caffeine Alcohol Mood Focus Level
Sleepiness Level of Activity Energy Level
éj Frirml

Hela

&t
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| Have a Fairly Consistent Sleep Architecture:

A Few REM Blocks Early, Then a “Wall of REM”

B wake MREM [ Light [l Deep

Mon Tue
Aug 29 Aug 30
Tue Wed
Aug 30 Aug 31
Wed Thu
Aug 31 Sep
Thu Fri
Sep 1 Sep 2
Fri Sat
Sep 2 Sep 3

UCIrvine Source: Zeo 2011




One of My Highest ZQ and % REM:

Night After Colonoscopy
Tuesday, Jan 3, 2012 |

i

Day Faal 1% Wake 0:05

Total £

10:07
Bed Time
8:37 pm

Riza Tima

7:08 am

4% Deep Sleep 0:24
21% Light Sleep 2:13

Morming Fasl

-
4
wd

Total Z: 10 hr 7 min

Sleap Stealer

— Time to Z: 0 hr 2 min 74% REM 7:31

UClIrvine



Five Nights in a Row with Low REM 36-43%

Three Weeks After Starting Prednisone

Wednesday, Feb 22, 2012 L e
20 o o . o )
Tz 8 LaO0rs
Total £ m ©

- - -

633 Do
Bed Tima
10:40 pm m ©
Rise Time 7
5:30 am

Moming Feal

-]
Day Fael 3% Wake 0:12 ; 6% Deep Sleep 0:24
Slaep Stealer Total Z: 6 hr 33 min 4739 REM 758

43% Light Sleep 3:14
-_— Time to Z: 0 hr 8 min
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Night #2 With Low REM

za .
E? 08 LAOors

Total £ mﬂ
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- g S - g
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Night #3 With Low REM

€ B Friday, Feb 24, 2012 ] S e
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Night #4 With Low REM

e | - Saturday, Feb 25, 2012 _a
ZQ - 23 . 2
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Night #5 With Low REM

B Sunday, Feb 26, 2012

zﬂ " . N 1 2am Ela 2am
Hiide Colors
73 -
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Trip La Jolla to Perth, Australia

Takes Roughly 4 Days for REM to Re-adjust to ~50%

All Graphs Are Aligned to La Jolla Pacific Time Zone

8/2/11

ZQ 89
La Jolla o
o

I || .

ZQ 71

8/6/11 Total Z 7:16
oo AN

11AM

8/9/11 ZQ 91
Perth Total Z 8:12
REM  61% |
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Return Trip Perth to La Jolla

Takes 4 Days for REM to Re-establish ~50%

All Graphs Are Aligned to La Jolla Pacific Time Zone

8/13/11 ZQ 63
Perth Total Z 5:54
e me 10 O HD
ZQ 83
8/16/11 _
ladola  [ot@lZ 7:09
11PM 11 |||| |1|||||| || ZAM || |||! 4AM SAM BAM 7AM BAM 9AM REM 28/0
191 o7 g5
oo
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Zeo Does Work With Researchers and Educators

We recognize the incredible importance of researchers and
educators, and also the challenges that they face in
continuing their work.

In order to do our part, we often support and provide special
pricing for vital research and education efforts.

&’

UClIrvine www.myzeo.com/sleep/additional-research



Zeo Supports Open Platform Developers:

Android Mobile API

1 Open Zeo - Android Mobile API

author: Z=0 Inc.

date:

Tab tents
. = SFI
Introduct
Quickstart
. O t er Tab
4 = :Ern-
5 ta Typ

==p Stag

pizo nt
mAlertEn t
TS ant
mTimeoutEvent

httoe fideyelnner sndroid cormdouideldevalaninanroiente/niniarte-arlines htmERefarancinalibranProize
U ( ; http:/ideveloper android. comdguide’'developing projectsd projects-cmdline . htmiER aferencinglLibranyProject
£ PN e IDPET. ANETDKE. COMY QUGS Ee v IDpIngY projects) projects-cmaline. eferencingLibrs £/ =]

UClIrvine https://github.com/zeoenqg/zeo-android-api




Zeo Has a Developer API

Zeo Developer Interfaces Welcome

Welcome to the Zeo Developers site. We have a number of projects available that allow developers
to build their own applications using the Zeo platform. Example projects include

« |ntegrate Zeo sleep data into a website that tracks your weight, nutrition, and exercise
» Create a desktop application to view and process Zeo sleep data

« Build a lucid dreaming system to notify you when you are in REM sleep and alert you using a
sound

+ Use Zeo while you are awake to measure meditation

e Build custom Android apps that interface with Zeo sleep data
More information can be found on each developer interface here

o Zeo Web API - A set of web services that allow third parties to develop applications that allow
users full access to their individual sleep records

« Zeo Data Decoder Library - A version of software and a library that enables a user to decode
Zeo sleep data stored on a memory card without uploading data to mySleep.myZeo.com

« Zeo Raw Data Library - A version of software and a library that enables a user to decode Zeo
sleep data and raw signal data in real time using the auxiliary serial port located on the back of
Zeo

« Zeo Android APl - A collection of documentation, an API contract (in Java), and example apps

UCSD demonstrating interfacing with Zeo data stored on an Android device

UClIrvine http://developers.myzeo.com/
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