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Confusion Matrix for US and Korea Homes (Wi-Chase)

Walkin us Korea
g Liv to Bed Livto Kit MNo Activity Liv to Bed Liv to Kit No Activity
Liv to Bed 298 10 4 237 42 33
Liv to Kit 8 301 3 49 228 36
No Activity 21 5] 598 74 868 463
Accuracy 94% 72%
Confusion Matrix for US and Korea Homes (E-eyes)
Walkin us Korea
9 Livto Bed Liv to Kit No Activity Liv to Bed Liv to Kit No Activity

Liv to Bed 297 12 3 221 44 47
Liv to Kit 19 285 9 a6 215 41

No Activity 14 13 598 81 a8 457
Accuracy 96% 2%
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@ we s ww swww DTW  68% 80% 83%  T75%  94%
Packet Nmmher [@ Kitd]ﬂ'l-]

SILRY Typing - -
* Total: all the receiver data is used.

* Optimal: the most variant receiver data among three receiver data is used.
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Entertainment 2
Sleeping 3

Qutside
Cook-galing 3

Sleeping 1
Hygiene 1
Cook-ealing 1

3
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* Color: types of daily activities

Location

2

Activity
Siseping 1
Hygiene 1
Copkeeat 1

Entertainment 1
Cook-eat 2
Sleapi
Hygiene 2

Cutside

Conk-ait 3
Enterttainment 2
Sleaping 3
Non-outine

24

25201
1800
16800
5400
10800
1800
7200
§400
2000
3599
2700

Duration (s}

23 4ol 7t

£nd time
T:00:50

7:30:00

12:06:40
13:3C:40
18:36:00
17:06:00
18:06:80
20:30:00
23:.06:00
235858

to{ ola|x| 2]
BlE
= O

°

Start time
0:00:00
71007401
7:30:01
9:00:31
12:00:0%
13:30:0%
18:30:01
17:00:0
19:00:0%
20:30:0%
23:00:0%

Time within a day
[HadE &E 21 A28

27 cfolefe] TfEl Alzks}
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Increasing the degree of variability

O O o O
‘RA HE
- datdE 2ol LMY = e HEHe ERE Ml THX| (1) LMUE 2 X|HAIZH
WS, 2) /YA B U HIT HE, 3) YMME BE oM HE)Z HolF
- Hed SREE WMo A7|2 2 = 2 HolHE dME
- ol mf Hisdel AY(7F S7teSE wiE o|o|X|e| AA4A SEHEI Siste WS & F
ol
AAE3 .
= Synthetic ImageE &%t H3M £H JIs M ES MY
Metrics Description Reference
A generic measure of information calculating randomness or uniformity in multi- Wau et al. (2013)

Shannon Entropy

dimensional image data based on the infensity histogram of an image

Nikvand and

Kolmogorov
Complexity

A measure of computational resources required a binary string objed! to transform into the
other as a similarity based on Kolmogorov complexity theory

Wang (2010);
Tran (2007}

Edge Detection

A measure of total lengths of all edges in an image based on Canny Edge Detection
which can extract the visual changes (i.e., brightness) in structured images

Canny {1987}

A measure of the local variations computed by the sum of square variance of elements in

Contrast (GLCM) GLCM
A measure of an orderiiness and uniformity computed by sum of squared elements in
Energy (GLCM) GLCM. High value maans high orderliness of an image A'b;egt‘-‘l?l (20;33)3
aralick an
Entropy {GLCM) A measure of randomness or hemogeneity of the elements in GLCM. High value indicates Shanmugam
24 high randomness of an imags {1973}
Sum Variance A measure of grouping tendency of similar elements in GLCM. High value depicts high
(GLCM) hetercgeneity of an image by applying weights for the case which is deviate more from the
mean
- Z|Z olo|x| SEE £ HES 77X § d4dE 235 27 Ho|He STHME #HY
& e MEYg Mus
- dEE ool 4 HEd SFE 37| o|o|X| SEE g AEEAE &elsto] Ml JHK|
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Edge distance®} Contrast of GLCM (Gray-Level Co-occurrence Matrix)ZF Al ZIX| &/2

— O == o5
HEdol 25 gt3sts AE =elE.
Type 1 Type 2 Type 3
T Edge distance for Type 1 ica Edge distance for Type 2 T Edge distance for Type 3
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5D level Noise level Consistency level
Contrast GLCM for Type 1 Contrast_GLCM for Type 2 Contrast GLCM for Type 3
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SO level Noise level Cansistency level
ol St & Fata olm 2FES
» AMME E2E oY b|dY Fx EE A
A = 7| Al& St 1Ile
MM =7 DEXAE wAEAR o TS H|
SRS = = S 5352 slo|s
2Eot sl 55o| s el
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period —— Contrast_GLCM period —— Contrast_GLCM
: High Variability Periods
: Low Variability Periods
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Soi 7|8
= (S| data2| Data-level integration2 O| ¢t Hybrid CNN-LSTM ZUE{Z A|AH Z{dt

Bathing |

Feniure Extraction Activity Classification Coakivg
Pringi

Pata Caliection Preprocessing

Reciver iay %@

£
Rewviva () &ﬂ% /g

Racsiveric) 0 2E
Wadking

By
— g
" rileing |

Sleeping:

e Activity

Predicted Activity

- Single receiver &do| FE O|F 7|& AF=3 =2l multiple receiver 25FE{2]

=
HO|E{E integrationsle 2E S 7HEsty O MsS H|

El
o

- Multiple receiver2FE{2| O|O|E{E integrationst= HHHE Z; 1) Feature-level
integration, 2) Decision-level integration=2} H|15}01 Data-level integration
HHHO| J71A =2 M= Helg &olgt,

—

Ir L— o o=

Testbed Data-level integration Feature-levet integration Decision-level integration
Unit A 96.57% 62.31% 82.37%
Unit B $98.92% 82.79% 88.43%

- ESH 71E2| single receiver Z|Hte| AMEA ZHAHOAM JHEE REST 2 F0M
7 et ultlple receiver 7|8t 2ES Fast mlad HAE Ao|A| HWEh Zu 2
ool JHUE R0l M FHEZHOM O 22 M58 2 el

Testhed Developed model Wi-Chase Modified-DeepHare
Unit A 96.57% 75.00% 63.15%
UnitB 88.92% FT.31% 80.94%

= VNET XI%ot MHEE HEE S8 MM Y =T
25 Ux A B MET 2|4

2838 1.3

7HAR M 1.5

2HY A7 2.0

Hol2 A 23

ik 2 A 3.0

st HAT| AR 33

234 434 25 40

A= 5.0

- MET X|Z=: 122F AH|El= B2 MZ © ol X AH|[ZF (keal /min/kg)
Do

- ZHEHE CNN-LSTM



of| et
off) IMET= oFY Al M MF L2 AT kg & 120l 3.56mL &2 YFE 2lofstl ks
1LE ol4X| 2H[Z2 2F Bkcal 0|22 70kg@l AtEO| 1027 HIE HAE S e

Ol L4 K| ZxH|ZF2 3.5(mL) * 3.0(MET) = 70(kg) * 10(min) = 7,350mL = 36.75kcal

DAQ T T
; ; H i I
t;? ] hm?ty i l
T . H
2 Outier :
=  Heading I }
ER . b |
& Computing FE—
4 . - lst Day HH
©  Bathing i
i Eating 2nd Day
R Day
Cooking
a0 R 04 06 08 0 12 14 16 18 20 22 24

Time (hour)}
DAQ: HIOJE &5

o2t
o
fm
%
=
>
Rl
1o
>
=
fll
Of

JHEEEl ONN-LSTM 22 S 0| 85t0{ 3Y7Zte| mels HAE £
olAX| &H[ZEE SRS

1%' Day: 1532.5kcal, 2" Day: 1626.8kcal, 3" Day: 1565.55kcal

?l 22 Soff stRS HFEE FASUAM Es MUK} (LA
DUEYsE O ZIE HECE LY oYX AH|EFS SHE = USS HelE

WiFi Z|dF s AlE 2aDe|E VY REM HE2 fF dolg =&
UL HE Hio|E] =3 2

=N 0 A7 44 (BAHN

&l A} OF&l MZHY 248

AR 2H 2F 1284

2= of AjZF 45 (BAITH
Sk cHe| WiFi transmitter2} M| CHS| ReceiverS E3H CSI datas %E5tF 20 & &7t
Alsls s
| AMSXle| Mz FHH2IE =SH=[0] ground-truthZ AFSE
T AR Hollxl & glo] MESIFOLL 2o el Zo| =M, AAL AR, &
g=z2 0 BtsMoz $HlstEE gt
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Ez [[E) 5 [[:E) Ez (]
[ 3 !I_Jhliﬁ I;) R ] 3 !I?. oM OF MW
Bing Bing
- 2 82 MAX 2E Al #=Xl=l CS| datael sS|AEO™O|n] ST HF sHZHolM
TR E MARte| HiE s Olo|H= AlZtol Chieh s 210 JUSS eelet.
- O feler 25, &k 59 Halo wE WiFi Mt A2 HAn 8 a4 #Hstof ofst
WiFi Mut k4ol /U2 = US.
- &, 71&S| WiFi 7|¢t HEs AlH dne[Fe| Hs0| A7t CHs LZAO|X| LSS
sto| st
/™ - 3 .
Transfer learning €12|& 7|9F 22| Time-dependency Zf4~
Pre-frained Model Re-frained Model
; Feature / Transter \ Feature
\Extractor ‘\Extractor
Activity | Re-training Activity
: 4+———{ Samples :
Classifier P Classifier
- Transfer learning €12|ES 0|&3510 st&El ZH ol S| datall AlZt Hi=Mof Cist

Time-dependencyS ZrAlZ .

- WiFi =& 0|Z235t0{ AKXt A




EH A& g5 HE ME HEe EfAE GR Pre-tralned 2.8 Re-trained S5

1th Day 70.18% 1th Day 70.18% 21.75%
2nd Day 53.39% 2nd Day 53.39% 98.36%
3rd Day 62.51% 3rd Day 62.51% 87.08%
15th Day 42.22% 15th Day 42.22% 75.86%
16th Day 41.59% 16th Day 41.98% T6B.26%
23th Day 69.47% 23th Day 69.47% 92.75%
= 7| RUEE S ST MYA ojddEE FE
(2)

& |

";310

-

S M60E RSB ZEHE 2508 S
Faoker Nwmbay

a
=
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Ty
il
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Fuaaket Nwilay
3
©
&
Ty
)
-
-4
‘ém
=

S LeBE BB ZEHE 2508 St
Fuaiket Nunmlay

- JHEE ONN-LSTM == I} Transfer-Learning Y12[&E 0|23t AA XS] Walking
ActivityE d7|8Mo=2 =X&H

| |
- MAIXtel ol grskof| w2t 242te| receiverdlM HAEEE A5 HE Z0| CIE.
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|15t o|F YWek ol £=It AE Jhsste &7 2HEE S
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walking direction A&,

- Walking data2| spectrogram®oilA gait pattern (stride time, stride length)S
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Bottom-up Clustering over Various Levels of Hierarchy
{Phase 1] {Phase 2]
Ri Rl | Ri R1 R2 R2 Ri Ri ‘ ‘H{ Hl‘ﬁ" R T & 8 At Rl
Al Al | Al (iR At "l o I } L it “_N' L l,m
R2|F|2 H2|RZ Rz R2 R2 o ‘ﬂ? R2 fﬁlﬁ Az
Al | A1 | AY | R [ RY L ‘m Rt!rm al!_m ™K

’g R3| R3 A3 R3 A3 R3 R3 R3 o ‘; m‘m mi;

[} T ‘ I

@ lir A2 A2 Az | H2 "2 A2 L B2 | R2 ﬁ;!
nslas ra | ms
;il oo - cBEEm - D

[Hours] [Hours]

-2 AMHE (XHHAE) o= FE-ssdF7|E0| sz drME =2F FEIQ|
H|QoAM /ol ME MEkst g g Jflutsiion] Fatod 7|2l M2l Image complexity
approach2t OFZHZIX|Z2 ofo|X| H|o|E{E o0|&s5t0d HESX Z2{AEZ  (Hierarchy
Clustering approach)E &dll €2 =82 2MstLAl SIS

- O|o|X|oflMe| cte mAMo| Zt 2 AjZbof| w2 3 25 S22 AR A|ZH X|E 7|24t
o|Mol| dll=l =5 HEE ZEestES &t

- olst mM Zio| ACHAEQl He| (FALZ)O w2l FAFSE CHe|EHM (gh35) S0 stefe
O52=2 ZAHZ s Aoz My dadE 23 205 SEAEHZ SO ZMH
FAHA & FEIZ AlHEH

- of: & I8 Phase 10l = 242t 2 Z2F (R1, R2)olA] 8= S +=H &5S Cl2
250z AHINOL} Phase 20IM= B2t 2ol = A|Zf AlZF X[ 7|2F, ol 3 &5
ME S8 25 123510 H|F Cl2 SZHA FEEAMeIE s2st =H 23S
Al sl e
= AN 3 -

a) An example of sequence of locations
[ala[afa[alB|a[B[B[A|c|c[c[c[p|c|c|c[p[pn|D|E[D[D|B|B|B|B|

b) Actual unlabeled activity segments
alalalalaf[B[a[B[B]a[c|[c|[c[c]p|c|c|c|p/p/p]E|p[D/B/B BB

¢) Activity Approximation through SEEDS
Stepl: Divide sequence into equal segments

[a[a[afal{a[B[A[B|[B[A[c|c|[c|c|p[c|[c|c|p|D|[D[E[D[D|[B[B|B|B]

d) Step2: Adjust boundaries of adjacent segments
[alafafafa|[B[a[B]B[A[[c|[c|[c|c|p|c]|c[c|[p|p|[p[E[D|D|[B[B|B|B]

e) Step3: Merge similar adjacent segments
(alalalala|[B[Aa[B]B]A|[c|[c|[c[c[p[c|c|c|[p|p|D|E|D[D|[B[B[B[B]

f) Each segment approximates an activity
‘alalaalalBlalB/B/a|c|/c/cic|/p/c/clc/p/p/p/E/D|D/B B/ BB




et M HME 7 HElE Atstl ®AI DEE Sol O8S d4ste ASA
SHAHY S @lof SEEDS 12|52 &=
Algorithm 1 Modified Seeds Algorithm
Input: Location sequence, Number of levels (L), Thresholds {e;.e3)
Qutput: Contizuous homogeneous segments of locations
1: Initialization
= Segment boundary adjustment from bottom to top level
2: for | from | to L (top level) do
3 for k from 1 to |5 = 1 do
4; §. + boundary segment of S},
5 54 + boundary segment of Si 41
6 if HI(h'Y | Rle) - HI(hg, ¢, hS7) > e then
T ’\a'love ‘5'« to 5';_
8: else if Hl[hm' J'"] - Hffh“” hi”r = ¢y then
9 Move Sy to S}
t= Top level adjacent segment merging
10 for k from 1 to |.‘3'L| — 1 do
11: if S.0s(S;, S5, ,) > €2 then
12: Combine S} and St , into one segment
- SEEDS ¢12[&52 Sol €2 activity segnent= 2+ 23| A|ZF AlZH X|& T|2H 37t
Etl (room), O|Mol =™ E &HIZS 7|02 HAIE
- FAISE featureE = activity segment= LaHMet &x FE HEM HILE 25l
2e2HE F.
- Activity segment= hierarchical region-growth algorithmS Sl S2{AEHE = .

Algorithm 2 Hierarchical Clustering Algorithm

Input: List £ of activities, Thresholds (e1, €2, €3)
Qutput: List C of clusters

I: Create a graph G(V, E, w) of activities
2: Initialize V' with £ £ > assign each activity to a vertex
3: repeat
4: for v n,m e 1 do t- for all pairs of vertices
5 Compute w(in, m} = .‘7 Si(n,m)
6: it Sl Al bl . & w(n,m) > e then
7: Connect n and T [0 same vertex
8: until no change in &
9: repeat
10: for ¥ n, m € V do t- for all pairs of vertices
11: Cmnputc w {n m} = §853(n,m)
12: if So(hes he) = 6 & win,m) = e; then
13: Connccl n and m to same vertex
14: until no change in &
15: Assign vertices V to list of clusters C aetivities—4
- 012 S8l ~NE YLME BE Hlojelol FEAY MY gl |
FES AlEE = ASS =ele (Unsupervised learning) .
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Meaoistw Texas A&M University
| |
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o i | |= Fine-grained WiFi #&AIH Aua|E 74
= DEX AMNME S HE XS 98 ClHO[A Z| | - sis Alys 9|5t alyst shzo| Ko
2l dd 7] 24 - HE A YRS JiUS Pist Fe AS Hel
- ClHjo|AS| DAL MEte Y (5 Y, - Fine-grained WiFi Al&loilAMe] 7HE iEH Ao
diole BlZE, Xl 7ks4, tlole HEIA HEo| Hl HF L Xt 24
7tsd &) - ASE dolef 257 2 7Hel™ EMof wzE
- ARB7KSEH ClHlo|A Z2| Ml J|2 SE7 %} goi| Thet Mx2| 7|& e
Alole] BA| 8 7t 24
- SSAE AdEZ2 95t B[N o|MdE
= MRE/YAUN J|SASH AHE 2t AMNME o] | AlH EHY JH (Short-term Anomaly
ofArslE Ao ZH 7HYr Detection)
- Fine-grained WiFi 7|2t 3liE Al 2mz|Fe| - IEXle| AMME 2tF Fof WS 4= = SSaEo]| thst Mol
2$EMg ZTAZI7| figt HE| 2flolof - 3 AE E AR—A B4
(Multi-Layer) 2¥alel 7|& =Zefl3 7Hgt - Fine-grained WiFi 21 & &%t =X| 0|2 Local Anomaly) Al Al 4
- AR LA BE T 2w R
- A MM stET HALE Hol= s AlY - Fine-grained WiFi 2152| =X| o|&t 415 & S=S4E0|| siEske B¢
- A gEol MAK Uzl o] o B AlY 5%
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1| oe Fag es gs | ToOSES omal g9 OE EEOSE wisl | 2018 2005
HEIAES} T2 A Ao e = -
sk oA
Understanding the
Recurring Patterns of Hamed
Occupants’ Energy-Use| Building and N. H= . 2018. | 0360-
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