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2018 £, RERAFTL M AZNBKSEARASIESRHENTE ", BIBESHE (Paralinguistic ) . KkHE
SHFE (Head pose ) AR BRFRIFAE (Eye gaze behaviors) B4 &, WHIENESRRABNSE, MEZEND
KIFEILE] 88%.,

2018 &, SPEMEAFIFRES I T THEESHOMAR Y, B IRASEIBISE (Appearance) Fzh
FHHE (Dynamics) FATINAERIAZSAIIEE, 7E AVEC2013 BUEE (83% 82 P AL 150 ERVISH) Ei#{Ts0me, 4
RikZF| 7.58 (MAE). 9.82 RMSE), RAIREXFERIBIE, (ERBEHIEEBET,

Z X SHIBATE 2018 i T ET 3D ARKRISMEZHIMARE T TIE, HEEMAME Casual CNN 5%,
BAFS T 83.3% Sensitivity 1 82.8% Specificity AU R,

EIMBBE—LEAEITE (Personality Computing) A ERITE, BlEE—NARBRASAEN, SNE#HTE—ER
5%, S 6 B, Science Report LAXRT —mREHKTHEIIE", 1B RA TE—AK Big-
five A& 2 (Shatt. FENME. RN, HEREMARMY ), XETHFEZRBEANR, BEXBEXERE
BT — P AAUEREIES, ET 12447 AW 31367 skiBR, B PANBSHARHATIRS . IIBRER
ZWEEMITE, EREMEENTEBEESNANERIHENS.

B XM TEEEIMERMAISR, 2014 4 IEEE Trans. on Affective Computing fiE —E 5tz ©)
NBTEXHEAN—BZREXE, 2BARBIHATEZR2UR, BEAD TEMREET AR IERMN,

AIEN MERENIZONZECEM THREENNE, TENE-THRNEFALN—LETF, TEEENA/LD
.

e3e



” P 5 i IR, B2, WER, £E, T8, R, R,
KESHE SR | S@n EmeD), REABBECKE AE.)

e | TN, ESSEIERST, TERIMEING, M
BESIE VIR | gsmee. s2/om. =5/, TB/S..

_ | B GE: OE. R, NE OF BEE
BRSISIE ISR me sz BEOAR, BB .

20 RZVIRRE NI B R 2 IR SNE

—. EEHAE)LERRIZE ENNMARER

BH)LENAESHIRER, BARBIERSFECE/ L ENHRTRIREMATINIGRE, REHNATE
MARTERARDHTAT RN A TILNEHIREB TR T THIRE, BRiR(]FERERATENESE
AL G, ASD NEMIRE/LEASELBIFEZHN I, BFEIRIE. RBHIL. BETHFILES
HEHBLERZSHNEZRNDLE, BNRPXELRESE, ERAZBYERBEMR/ILENNL, REMHA)
AVEENRTE, UREHRERFAARESAAREENNH.

n MBEMASDIAASIEEIS
O B EEGRIK E REF
= ASDEEIFKIEEGFI (Neuron ,2015)
» SNEREINRS, ASDIRATFEEDRIMA(Veuron ,2015)
= ASDEIEBBIRYIRIE K FHFERMWIR(Neuron ,2015)
= ASDIEFEHREELHAR (ICCV,2017)

ARSI RERHRT
« [RES. EF. IE. WA BB S tEARE (Nature,2017)
| A
n RIERHIE
O AEFRBEXNRE", DHIMRIRESE
Y 4
m {T/9%HIE
SF 1L To s B—
3: ASD il S4HIEZEE
B REEARBSFEMEGITIAR, RIFIRFIFEA. EEEIRSIAREIRIZREEA, BIBFR T IXES

ERMRLIE, BIEds%. REETAE, JNEEMT —LERANIE ELEEMITHE, 2018 £3k
1B S0 Emotiw2018 #hixdE, BEMRH S EGIT — N —BEIR AT ERTTNER,

ER—IENAEIGEIFE S0, SRERSINERR. o2 ERR, Bri(IRI/LFAKAIEE
KB REN. ANENSERITREZ S RLINILEINE, RURMNOREMTUTEBESBEE . TEE.



FWE . NERSFHEFET, BAIRRAZIEBIERF, EHA1R UMK T AENEIE.

—. BHEEBHARXRER

BT Y TBRERAEMEBNNREEE TRIRAFELE CHEDBHN DT, BIREEFEDHRE
MNERWENLE, FREIRANGENBAARBEHOXE, #MERIPEEKENEENE, KRS
ARANERERS, EHRENEBRENRIFRINEBNBHHOES.

- EEARERSIEY L gagaen sunan
RE—FETFEESBSRANT o e w  w
PREFUMEZMEE(QCNN)

FBESANSEIRAY =
RGBS, TR | &

TR EEE ————C
EARBIENSLRTE ==
71, RBREASIREIE o
HL B

4: BENEERIFIRAIINA

HMRBEARBLERNARSR, REAETRRFIHE T ONE. BIXEFONG, H1EBIES
SRR IREEMEBXE, EEFOEEER THESRBRIEREMERE. BNNHEEBERET
RERATZABEENMRE, E-LHES LG T ERNFORIL.

=, EFFEEFIN AU N

NI IREIMFRIBIRB . BEIRBETIE, EXEESHNIIBERTEN, BARMNBREIREEE —BoHE
HIBTIAZLOTEURN R4 TERBXLERS, BEIRGIR? FEHANE NeurlPS AR IV s2idE
FRRZERRIRE, BRI B &M T OEMEE S AN,

EEPEHIRIN, FAIXFRZA Action Unit, ERIRIEESAAMEIE X HRN—LEMNTIRR TE, AR, BE
WEENE, BRAU, ZTIENEEREE— T EERMME, TEWET—D IR ERE— T TR+
NESBAERIRSE], X SEUX—UESNEBIEIFEEZ . AR IRE A REF B B BRI 7S mRI TIENE?



Unlabeled Data

5: Co-Training BN EASFIFE Label 1 Unlabel FO%LIE
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FEERMNEESXRELDEN—LEIE, SIE2EENM T TERNBEFEEBELEFAZZNBERTEE
930 AU MNIFIRIBIRFINGBE, BT RBNAETRESEEREKEORMGITAENIE, £X—FHE, M
2018 EFFE, HAE LR T —LwE, [ol10111112]

RRBERYENEK MRS PR B A RA 3L SRR ERRENL, FRICEGT

sample over a duration of time _

Y- | ==
.ﬂmuumm«L__ﬁ.N,.,h. ......

B 9: ETREBEBERERNORMET

BMAEFEEMNZEEBIAEMMETTE—TAORNEEN, ERBANOIEHENIS SEBRENE LI HA 13
ft. ERLEXOR, [FRR, MAENNE, TEFMNEBNE PPGER, BMRIEMIRX FAIRITESSHIRIE,
SRS MBREZARICN . ERIAMNBIEREBERER (B2 0.7 K) MEBAKOLR, [FREMRMDES.

IVY: Y %3
. IR
k-
PNZE L PN TR X 4 3 4 (PCA, ICA, AEFRRRAE AL T}

Filtering, Avg.)

|

ﬁEé?ﬁEEi%ﬁ#EEEEDB@fﬁﬁ&%ﬁfﬂEEE%*U%ﬂjJBﬁ#&ﬁIﬁEﬁE?

§$‘b&£ﬁ
~ ml3 ?,ﬂ ~

ﬁéﬁm%%ﬁﬂ .4
ANRUBERA  BXBEHET  (PCA, ICA, ﬂﬁﬁﬁ%ﬂ P TR AEAY T

Filtering, Avg.)

MR SRRANARORGREREABISOA, REEREBINE
100 BRI RS S ERHIBI NIRRT

B ARIRBASIR AT O, XETEM 2008 FFRSIRARNRIE, ZRINAERBERANBAEE
UHATIRIIAY PCA. ICA AKX, Filtering 547, MMIRBUSERIINEK, B4, FA)eeD @I EBIRERENIS ER

e8e



FIR? SFEANNUEMEY, RMERAHAYE, RARXHENEIEIFE D, LWE 2018 £y, RANKIES
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RyhthmNet v1.0 (2017-2018)

111 {EA8 RyhthmNet #3145k
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=, PERFRENMHARAARR, BNRIERERIVEZETE, PETENZSHENAREZS
BlFE. ERBENEEZERNEZESE. PEFFRE, £ EEE TPAMI, IEEE TIP. Pattern Recognition
ZEFANBHTINGEZ. TEMBITENNR . ERIR5 . MIFIEBXITHAR.

AREPIZNETETREZINANANGEE, SFEE. B2, #E RRE, HFRTRANRE

S, MRESHREFERMURESNMRE.

—. RERMHE

11 HARER

EARMURES, LOEMRQN. B, BMREE, EARIANITENEELBETT ZNMR. B2
SRR RENRYD, XENEXMIRISBNESBESHNEIES, XHENESHKR TR, E5X
R, BEFEXK, ERIRESH/UDEERNMARERANE 1 fx, tEAREE GGEER, HEREFRR
B) . BESHER GERGRRENEXEE, IEBIXFRRER) &,

( First lady Michelle Obama\

introduces President Barack
Obama during a rally Sunday,

OTiuestion Sosi St e Oct. 17, 2010, in Columbus,
) Ohio.
GT Answer IR
He is pla eareh Text
Visual question answering
car-park behind-person .
P — Image 4mmp audio

person-over-

Visual captioning

Visual scene understanding [Karpathy et al., GVPR15, Wang et al., ICCV13, Gao et al., NeurlPS15]
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RSHRE, KEKEE,
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1.2 ARk
A5 518E (Vision and Language) 2R84, SZ&MREESHRPEE 4 DIk IERIRR

Unpaired Image Data Unpaired Text Data

v m [ : - Otters live in a f
| — ‘. I E St people b B e variety of U
5 ' [ & | aquatic _

Alpaca environments.
Thrs see There ©f kinds {,7 " ] e
mangkingsof [ 23| Flegetables E Ko bieycle 4 Pepperoni is a
hiaidiciac P popular pizza
Assoclation Pizza i Bus topping. WikipEDIA

Many redundant contents are task-irrelevant Annotating paired multimodal data is very expensive

Content redundancy reduction Cross-modal few-shot data

small bleck and brown dog play with 2 red ballin the grass

Experimental settings limited computational resources
&
onn g v X
B - I._. I\Knuwledge ) Large models l
Cross-modal relations exist in different granularities Hard to deploy very large models to practical tasks

Complex cross-modal relation Poor model efficiency

B 2: EZRMHRIESHIIN M HEE )

HIERTNR: UEEA LANERIXFEENG], EHEX_EZEREXEXNE, IR, EGS
= Bk NEKEMEFH “vegetable” (i3 ) XM RIEFAEIEXERMY, EXTEMNBIENEEGXE
REEERNXEK, FUELNRHNRREERME—MSESTEANTIMER, BEXNUER.

VEREE : EZESHERT, HERDMEEIVEREE, EfRERNORESEIFERNFEIN.

BEZENFEY . E0% - 1BENHRT, FAEERNNTIESAEA, EGHIXAENSERRBIENRE
FREABFEERNNNRR, BRIMERNEBETXART—TEERNML.

REGNZOMEEE : RAEERKRERG TRIRY, MEANBDHEREENAITIIN, i, RIBXNSHEEN
THRRREERNREUBSLIEN, UXLNHR MREH#TSHURNEE.

B2, EHEERNEDE—EINNNINE, WESNTIE. 7M. BEANEERNHES, XEINEEH
A REE N = B8 BRI ST R AIRIT B SRSLH,

1.3 BXMRER
AEMRERLE, TRERSPNA T ERIMERRRAFNAR IR .

ARRBATE, WE 3 PR, BIEEENFHRENEZNEN, KBEAMAREBITIR. Xz
URBXNER. ERINNERMEH, fﬁiﬁkﬁgmmﬁﬁ%éEPE’\]TE,Q\IL%?LX&’E?%E’\J?&%?&IEO fibzs
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HT MR EEARRE. MRSiE, AR#EANBIRRREES LR, WE 3 AMMAR, BME
EERRFORE, FARZROBEZ LHITUE, EHE (20195 ) RB 70% £f, TET AMHEERRK
AIBEST

mere

s
cens take
placa?

Visual question:: 58% 2016

answering, i 65% 2017

visual dialog ==, 70% 2018

e 75% 2019

\ H motion z;?:s)lning 45% 2016

< s 52% 2017

: \ &ﬁé cro;s-modal 505 2018

visual retrieval S A08S
information R

Performance on complex vision tasks

[Zhu et al., CVPR15; Li et al., ICCV17; Wang et al.,, CVPR18; Liu et al., ICCV17]

3 M REAIITE
Alt, HREBERATENEM ESIANNTTE, REAXFNEE, BaitENIR IS EEERRAR
FERDNBIFNCIZNG, Mmel AZIUE SRR, T, ENFHESEIAAIIE. TRIAN, BRENHAR
BRELIERNNRESZH, MAIUZIM—LNERDIT. FIRA Transfer, KRMEIBUTIREEFE K

AYa)RE,

rocessin filterin
P 8 8 Comparison

@V o

storage

£
=
)

visual

information /IR % S
O '? Cognitive computing
L]

few-shot Learning, knowledge
Transfer, relation reasoning,
decision making

emotion reasoning

4: FERATEREM ESINAITE

ERINAXMFER, EZEEENNE. CICHEIREIENS = EmaEE,

FEEHNSIEE, TESRFCEE NG (Soft Attention) FIEETFE AHE (Hard Attention) . & 5 ML H
TEHEERNNEITENER, NAENBEIFELFFUNENEE., EENNGIEEGEERE— NI,
XEMEANBPIFEEESEERNEFE. BEENNMAARENFNAR, MERFENER AN
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AEEREERYSAE, TESLPRM A soft attention MREBEIF—LE, A Hard Attention 2ELRKRZHIER.

AL0.97) stop{0.36) sign{0.19),

=gag
e I
oo IERE
Details of soft attention Attention maps in image captioning

[https://distill.pub/2016/augmented-rnns/, Xu et al., ICML15]

B 5: ERDISIEE

ICICMBIEE. TEZERMTR, B 6 EMTHNEARHAHNICICRN, KREMCICER, BFBE IR
eE, BARESANIIEE, IR AEERERNEAS, B 6 ANNHKERICIZ, PJLANKEIS
1081724, BREBAMSAINE, XPNHEE-—MRNEN, CICHENTDEL—REBIISEHRTHSE,
BRICICIHE 2SRRI RTUNES T RS TRSENIER, BTRERNENEERBXA.,

o a Controller b Read and write heads © Memory :l,,: Z“,,.";ﬁ;ﬁﬁis
Weighted Sum A A
(3 N\
Embedding C (iD I
— - : :
N
Sentences C P,‘“ o f | !
) Softmax A 3 « |-
s N l
=N ; P
|
Embedding A M -g'
End-to-end memory Neural Turing memory
(memory items can only be addressed) {memory items can be updated)

[Sukhbaatar et al., NeurlPS15; Graves et al., Nature16]

B 6: iCIZHHIZEE

HIBENEIER., TEEHEFTFNONRET. BERRITIZENXEXR, B 7 ZME— T3 A SHAE
F, MERRBTHEIRER, FEMKROERE, AMEMRXROEE, ttU=ExXR, TR TWZLLFW
AREZ T BMUEERKXRNHIETRE. AEENHZEDERERSZNERBEFZINEEREZNE,
EAME R MRFIZIREIEZ EX R, MABEEERZXTHN, FERE/RIERNFIRERNER.
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target-driven visual navigation

update |
new observation

observation

action: turn left
=
target 2 C>
*i! A -

Target reasoning and decision making Relation reasoning

[Zhu et al., arXiv17, Dai et al., CVPR17]

70 EIEAHIER

. HBAIE
EFENA TN LD LIIE, HEMITEEE, 0B EHERE="FEE.

e e o ol

BT N e R T TR DN

Multimodal sequential attention
(CVPR2018, TPAMI2020)

Semantic reinforcement reasoning
(CVPR2019)

AT ” llGrerc nreerisiar [ Wererrcanrdier e itk vt axd i i 4 |
Top-down visual attention Persistent cross-modal memory Spatial-temporal reasoning
(ICCv2015, TPAMI2019) (lccv2019) (CVPR2019)

8: EREINEIENEER. 1DICER. HIEREHENIIE

21 FBRAMEIEE
B IR @R, KRRECVPR 2020 L, XM ITFEMEGSDFNTERES. BaEX, BERS58FHT
EHESZHERA_EZENENE, NAZSE+o0 2, BB FNEESER. BGEr. BROESS.

EEGSOFNLESE, ERMRLDERBEGREVFNERSE, EREMLNHRKRHREEENX
AR BMREHTRER, BEXIRESET, TRENERI, TR0 FEREGR TIEXBXN—NEDI,
HENHZSESTRNERRESE, NRERERAZ/NEGKIATSE.
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( O Deep visual semantic embedding

— Devise [1]

— Order embedding [2]

< — Structure-preserving embedding [3]

O Deep canonical correlation analysis

There are many — Batch based learning [4]

kinds of vegetables

!

I ]

— Fisher vector on w2v [5]

. — Global + local correspondences [6]

» Sentence only describes partial salient image content
» Using Global image features might be inappropriate

Frome et al., Devise: A deep visual-semantic embedding model. In NIPS, 2013.

Vendrov et al., Order embeddings of images and language. In ICLR, 2016.

Wang et al., Deep structure-preserving image-text embeddings. In CVPR, 2016..

Yan and Mikelajczyk. Deep correlation for matching images and text. In CVPR, 2015.

Klein et al., Associating neural word embeddings with deep image representations using fisher vectors. In CVPR, 2015.

Plummer et al., Flickr30k entities: Collecting region-to-phrase correspondences for richer image-to-sentence models. In ICCV, 2015.

5}
[2
3
4
(5.
6

9: EEMEXTIME

T REBNETIE SRR EANE N7 AR RBR LR RAEMSXE., SMENEREZMER
BUEXH: (AL T XEHIRIEFESEXINT, EREFERIENES.

IRERNE TIEXRSTEXIAFOEN ., BEXORSZBEGIFER. BrREENURBERTA,
MR RIE XS 2 BAM— T FREEIRF. REFISEMEXRE, REN— /EE’JIEXIIIﬁFiH,,\
ME, 7TRN—THEBRERNG FREAEGTRNOAST. UTEAE, SZRLENIETRE "—MRIEFHEN
BIAEEM LBE/NRFE", WRE “KRFE" M BN IMFHENE, EXRFMTER—F.

e Semantic concepts:
Objects: Properties:| [ Actions:

¢ Semantic order:

[ cheetah | chasing [gazelle] grass_

e Matched sentence:
A quick cheetah is chasing a young
gazelle on grass.

100 EXIRF

MTIEXB SR, EREARAESZXE. ZAnEa) CNN #TLI, WE 11 Fin, BTFRSNERRE
MALA IR SR HATANIE, AT ER SRR E S FRE F TR, AR EH BERMaCR$1E
LR E, RIRNERZIRE. 2RI CNN FHTHZAOFU
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Process the existing dataset, select the desired concept, and reduce the size of vocabulary
Learn a multi-label CNN and perform testing in a multi-region way

‘ A couple of giraffes eating out of basket ‘ trined Singl -
Single-label Singleto
i aﬁﬁﬂﬂ%ﬂ
imageNet

{ A, couple, of, giraffes, eating, out, of, basket ‘

U

| A, couple, of, giraffes, eating, eut, of, basket ‘

J

[ ‘ giraffe, eating, basket ‘ . > ; I\ L

Multi-regional multi-label CNN [1]

Multi-label

1 ZXiE, 24558 CNN

MNTEXIAFNZY, TRENEBEBEN ETXHEENSE, 2B ETXHHIEIRE T EXBSEZE L
RURFR. EEEFEEXNBRSNER L TTXZENERYE, AMBUFEREN—MES, EREGENE
B ETXEBSENEGNRE, BERNEREZNEXINTEEERGRENFEITIE.

Groundtruth sentence
| a couple of giraffes eating out of a hasket|

Relations among concepts Separated semantic concepts
'basket, (walking) (eating) [ zoo |
(aaling iy il [tree] [basket] [standing]
fusion | (hay] (giraffes] [looking ]
(twor=igiraffes (wall] (two] [ - |

/

Local regions

120 2/ LT XHERE

ZREE L B R BE R TR0, EEAMMES:

1. Bf&#niE (image annotation) BN4ATEEIR, MRIBLENE T
2. BgER, AE—1aF, RERNNNEER.

e8¢



S0 13 PR, SEREERRIAERTTEEXM NIRRT T RIFOMERE.

Bidirectional image and sentence retrieval results on two datasets.

Flickr30k dataset MSCOCO dataset
Method Image Annotation Image Retrieval Image Annotation Image Retrieval
Ral RG5 RGI0|[RGl Ra5 Ra0| ™" [RaT R@5 Ral0|Ral Ra5 Raio| ™
[ m-RNN [21] 354 638 737 | 228 507 631 (516 41.0 730 835|290 422 770 (576
FV [14] 350 620 738 | 250 527 660 |524]|394 679 809 |25.1 598 766 |583
DVSA[I12] 222 482 o614 | 152 377 505 |392] 384 699 B80S | 274 602 748 | 585
MNLM [13] 23.0 507 629 | 168 420 565 |420] 434 757 858 |31.0 667 799 [638
m-CNN [20] 336 641 749 [262 563 69.6 |54.1| 428 731 841 | 326 686 828 |64.0
= RNN+FV [16] 347 627 726 | 262 551 692 |534]|408 719 832 | 296 648 805 |618
g OEM [29] - - - - - - - 467 786 889 | 37.0 737 859 |68.6
G < VQA [1§] 339 625 745 | 249 526 648 |522] 505 801 897 | 37.0 709 829 | 685
o RTP [26] 374 631 743 | 260 560 693 | 543 - - - - - - -
= DSPE [32] 403 689 799 | 297 60.1 721 (585|501 797 892 | 39.6 752 869 |70.1
sm-LSTM [11] 425 719 815 | 302 604 723 [(598] 532 831 915 | 407 758 874 |70
2WayNet [4] 49.8 675 - 36.0 556 - - | 558 752 - 39.7 633 - -
DAN [23] 414 735 825 | 318 617 725 [60.6 - - - - - - -
VSE++ [5] 41.3 69.0 779 | 314 597 71.2 [584] 572 851 933 | 459 789 89.1 | 746
l\l Ours 442 741 836 [ 328 643 749 [62.3] 66.6 91.8  96.6 | 555 86.6 938 | SL§|
s RRF (Res) [19] 476 774 87.1 354 683 799 [66.0]| 564 853 915 | 439 78.1 88.6 | 739
% DAN (Res) [23] | 55.0 818 89.0 | 394 692 79.1 | 689 - - - - - -
o VSE++ (Res) [5] | 529 79.1 87.2 | 396 696 795 |68.0| 646 B89.1 957 0 831 920 | 794
o Ours (Res) 555 820 893 [4I1 70.5 79.9 [69.7] 69.9 929 975 |3 5 948 [832]
13: SERER

IRHA—SEE T —LERERNEF, NE 14 i, BXNEEGFRAEMRIE, B TUEmENGF

EHE1R

PHEX ., RIEMEBA, B 2-45D3IR ETFX. B&E + ETX. #& + LT + G F4ER, FINBELEES
M7ERIN, MRERIEITHSRELT .

Results of image annotation by 3 ablation models.

Retrieved top-4 relevant sentences
Query
ctx cnp + ctx cnp + ctx + gen
1. a dinner table with various plates of food 1. a meal is being displayed on a table 1. a person holding a bowl of oats next to
and a glass of water on the table 2. a table with bowls of grains and fruit and bowls of other condiments
- if i a hand with a plate 2. a meal is being displayed on a table

@ 3. a table set for three with food and wine I h some pl. f n i 3. a table with bowls of grains and fruit and
4. a dinner table with three plates of 4. a person holding a bowl of oats next to a hand with a plate
gourmet hamburgers bowls of other condiments 4, a table that has some food on it
1. aman riding a skateboard up the side of a 1. its a cloudy night for a ride on the 1. a motorcyclist surveys the sunlit road
ramp motorcycle into the horizon
2. aman riding a skateboard up the side of a | 2. a motorcyclist surveys the sunlit road into 2. aclose up of a person riding a

P ramp the horizon motorcycle on a long empty road

‘e 3. aman at a skate park with his foot an the 3. a close up of a person riding a motorcycle 3. a photo taken from a car looking at a
side of the skateboard on a long empty road skateboarder on the side of the road
4. a man on a skateboard performing a trick 4. a photo taken from a car looking at a 4. its a cloudy night for a ride on the

skateboarder on the side of the road motorcycle

1. a couple of giraffes look around the 1. a pair of giraffes standing around in their 1. a couple of giraffes eating hay from a
ground in the zoo enclosure trough
2. two giraffe standing near brick building 2. a couple of giraffes eating hay from a 2. a couple of giraffes eating out of a basket

€) 3. a pair of giraffes standing around in their trough 3. two giraffes stand and eat food out of a
enclosure 3. two giraffes that are eating from a basket basket
4. two giraffes roaming around an enclosed 4, two giraffes stand and eat food out of 3 4. a couple of giraffes reach for a basket
area on a sunny day basket

Note: groundtruth matched sentences are marked as red, while some sentences sharing similar meanings as groundtruths

are marked as underline.

141 EGIRESLAFIXSEE

e1Qe



2.2 CiZHEIEE
FENENE_MTEZICICNFIEE, KREACM MM 2019, ZTEZFTMERER (Video Captioning)
(=<0

o

MniEd, BI4aE— TR, B —aEE MU E R RENAST. EBRZEBENNA, AES
B BURGKENDERIE, RINEBRRERERENER, EJL)\TJ}EJJEJ\E/A;U%HE’\]/EEJJO

PSRRI BRI E, —2UUEMREEBMIESZEEBRE—TARHRFTXR, —SUARE K
BRI DT 5 XA 2 (Bl A IRAIE .

MRETERN, LSTM EFFIEE EARIFONR, BRETRBREMBRKBEBIXAR. MESPOOMRAE
Y8 FH R EERKH, LEAIAT 20 DR 30 PRULEERE. ERINN LSTM XS BEHEM AR R,
EEEAIE TEFOON TICICALBIRRIR L3R 8],

IREREHB TR ERRESRMEMENE 156 Fim, EPR EEMNRRZHSMRES, £H8 20
3DCNN Iz BRI ISFAE B s 45 ALEs E"FEE’J“B“E'ﬁ:_F LSTM RO ARRIDE:, BTEMNF. MmaRENR

MXFZEaPEIER, FEMMBRICIZED . X TEDH, 'HT =R TM BIEXAICIZ, VM IEE
®iclZ, IMIBREMEICIZ, DalEFMEET LSTM K$%¢ﬁ%%§ﬁ’\]2€p, PERFAR AR B X B

4 2D/3DCNN \. / 2D/3DCNN _ / ZD/3DCNN N\ ZDIBDCNN

[
[ {UIJ Vs, s El n} ]
read gate  write read gate write
T™' -’~ VMt | |TM*™* —-’— VMt
write amt write AMtH!
—s|LsTM*? LSTM® LSTM!*1—
) -~ -~
fstart A man L is

150 TR RIESR L LS
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TR, EREBAMERT TERMRIELE,

FCN

FCN

Sigmoid

| Sigmoid

Sigmoid

man
horse

snow

T gy B S

Using a noisy-OR version of MIL:

wea
Py

=1 -

H H(]—p

JE{1,Nu} iebd,

[ 16:

e Zopl

GNP, CICEBIERED ERCIZEENG, T =1 ENCIE: XARIIEN:
FERAL T IERRIESS .

12, = AEZE#ITITHRE,

* Each Memory
- NXM matrix

Sentence Generation

Attribute Memory

Attribute
Attention

Gate AN
. Attribute Detector

I Textual Memory A:.::?‘Ln Visual Memory |

I I

Text Video

BHERICIZ;

MILHIIC

=

Writing hidden representations to textual memory

Reading from the updated textual memory

Attention selection for video representations

Writing attended visual information to visual memory

Reading from the updated visual memory

Gated semantic attention for attribute memory

Computing hidden representations of LSTM

17 D BRI AR H

BLERERNAELNEEHES L, SRUE 18 Fim. EREBAMMRND BEARICICIHIRE/L TN EUEE £

ERTS T RIFAIERE, HEZRAERY T A MBS A S NEURAY,

©27e



Met hod BLEU@d4 METEOR CIDEr-D

FGM |[25] 13.68% 23,90% =
LSTM [30] : 20.07% -
SA [CS!J] 20.60% 51.67 %
S2VT [29] 29.8% -
LSTM-E [15] 31.0% -
i _ p-RNN [42] 32.6% 65.8 %

Video captioning results HRNE [14] 33.1%
BGRCN [1 31.70%

on MSVD dataset. HBA [2 g 05497
RMA [12 31.9%
TSA [16] 33.8
HMNM-c3cd 46.0%
HMM-vgg 48.7%
HMM-inv3 19.9%,

HMM-c3d-ver it
| HMM-c3d-inv3  52.9%

Method
EMLR [8]
MVD [19]
Aalto [21

MP-vgg [30]
] [39]

Video captioning results :-;j‘_“ ]
on MSR-VTT dataset. SA-cid-ve

SA-c3d-vgg [39]
SA-invd [39]
SA-c3d-inv3 [39]
HAMM-c3d
HAM-
HAIAL 3

[(Edcsd i 30.9%

4 METEOR CIDEr-D
26.9% 45.9
27.0% 11.8
26.9% 15.7

24.8%

10.9%; ]

18: SLIN%E

tboh, ERGEH T —EEMEMGF, SAERERNATE, HUM ZFriRAE. UREPETITRE, HF
—MNENRIRIETR, SAMEHERE “A man is playing with a guitar”, T HMM BIZR 2 “A man is playing
with a dog”, MARFASME—E, FEFM. IREERDFIIEX ZF], A HMM HER IAEEIE
ERRNIR .,

—
SA: Yaoetal ICCV 2015 HMM: Our model
Attributes from Video: Generated Sentence: Reference Sentece:
Ball, teams, players, game, | SA: people are playing 1. two teams are playing soccer
people,[men] player,[soccer] | HMM{a group of men]are playing 2. men are playing football
football, playing [ socced 3. some men are playing soccer
Attributes from Video: Reference Sentece:
playing, going, person Genciated Sentence: 1. aman is petting two dogs
moving, man. front, i SRS plawnga 2

. aman pets some dogs
et :

HMM: a man is playing with &ian 18 play with pets

funny, white, cute

Attributes from video: Gerigiated Sentenca: Reference Sentece:
child, little, baby, kid, y 1. a baby is playing with toys

5 i SA: a baby is playing on a couch A e
toddler, cute, playing, using, HMM: 2 baby is playing with a toy 2. atoddler is picking up toys

trying, high

3. the baby is putting away her toys

Attributes from video:
pan, woman, cooking, pot,
preparing, frying, person,
something, mixture, bow|

Generated Sentence:

SA: a woman is cooking the kitchen
HMM: a woman is cooking some
sort of food in a pan

Reference Sentece:

1. aladyis cooking food

2. the lady prepare the food

3. aperson making nabeyaki udon
noodle

Attributes from video:
Man, his, playing, animal,
boxing, lady, black, person,
around, doing

Generated Sentence:

SA: the monkey is playing a monkey
HMM: two men are boxing in a
boxing ring

Reference Sentece:

1. two men are boxing in a ring
2. two men fight inside a ring
3. two persons are fighting

0220
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2.3 HENFIERER
ISNENRE—T TESHENGRER, &&KT CVPR 2019 oral, SITHEMEX.

IRBABBTITRNDE. THEUNEARS. THDRELE—BRIBFNILN, EZMAEH . m
ITHEMEITHDROEM LR, RLThMinE, BNBERETAE-BRRUATENEEVE.,
BRZHI T EMR. TANEANIREE+OEX, Bk esle s KERERE, WREE
PSRRI E —MSENSHRRINER, THRUMEIFEEZNIIT,

ERGLAEF, EREBAIRT T EEIESRANMRITAENM, RETARSIESHIRR,

BERHNNARITREM, BBE—MESNENE, SRR EAATHRENERNER, B20#, “—
AETTED, #ABANE", ME—MEENEWSEH. INMNREEFEEENTE, BNELFREH
B, THBRERFEERN, 2N, FAoREI TR —NFHITHER, MNBIESNERENRENHE
FREE,

Language Query: :
A persan runs to the window and then look out. Q

Find the location

Bl 20: BERAWSAHN AT R ERIEIANT B =
RENBATE, WME 21 iR, BEXESHSMRRERSE, AEBIREIRKAERRTANE )

A, BEERENIND, HRINRSHEENELITEEREFRES, EARMBMNE NIRRT
wi, BEEIIEMNITH, XRFEENN, ARELTRTRNBNERRBRTERDERER,

e23e



(O Alignment + Location
[:> Regression
— TALL[1]

< — Attentive Moment Retrieval [2]

|:> O Ranking Loss

— Moment Context Network [3]

person placed the leek onto |:>

a white plate.

.

» Current methods are time-consuming with sliding windows

» Temporal information is not fully exploited

[1] Gao et al., TALL: Temporal Activity Localization via Language Query. In ICCV, 2017.
[2] Liu et al., Attentive moment retrieval in videos. In ACM SIGIR, 2018.
[3] Hendricks et al., Localizing moments in video with natural language. In ICCV, 2017..

21: HxIfE

T REBARE TIEXCERSR M E S MG, BT RXFAMESIEE MR —F M, MMAMASIE X A91E
KMER. BXEREIANNAEEINEX SN,

Video Observation Agent Action Space
- Global contex! extraction III\III;\IIIIIIII\III
: : [ENNNEEE EENENENEEEEEE
Semantic concept extractrion | °
= | A Termination
e Location embedding | I@ lo€i4q
- |
H | |

The person puts on a pair of shoes Skip-thoughts >{F] Es | State Value
(de, mye, pe)

22: BN ILECRISB IS S W45

BRI, ZEBTAR M FEINAERT LSTM, Bl LSTM s U#Sitt EME—FIINM5NES, #E
RABMBMMONNER, ErOEEF, JFNEERET skip-thoughts i3, FEIRZFM_LETXHFHEME
XA TR, PRABDASHIXNMENANEEE SpEMNNMEBRRNSLIR, ZTHRE
LSTM BIIMNEEER, WEMDENMARAITER LSS, HERBIMNNEER. RENRSNOFES
i, REREITHNREE, TARREET—TNENMUE, IASE (State Value) BE—MEEAIDN
ZR. —TEENDE, BT EANNETRS. KRSETNREEITIRSEMNITE.,
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L(D) = wq Xt Les(Me)+wy X Lo (de, ge)

o =
’ [NTPRTP + Nep Rep,

Ren

FN
TP and FP

Lot (3 O) = = ) (r)logP (1l )
i

ERazlad T BIARRIIRAR R AR UANE RS IR ER A .

n M
1
Lioe = EZZ[xU l°g(pij) + (1 = xij)log(l —pij)]
IR |

ERERHEREN 6 FUL, HEEBEEBSHBRABEIHER T MRS,

Table 1: Results on TACoS and Charades-STA datasets

T RHEBAMESATREBEIRS M TITRHENMAISER, ERNE 23 fin. MERERFTMUEL, FHRGIERNR

TACoS Charades-STA
Method R@l R@l R@] R@5 R@5 R@3 mR R@l R@l R@5 R@5 mR
LoU=0.5 loU=0.3 loU=0.1 loU=0.5 loU=0.3 loU=0.1 IoU=0.5 1oU=0.7 loU=0.5 loU=0.7
Random 0.83 1.81 328 357  7.03 15.09 | 527 8.351 303 37.12  14.06 |15.68
CTRL [8] 13.30  18.32 2432 2542 36.69 4873 |27.80| 23.63 8.89 5892 29.52 |30.24
RL(b) 1176 1770 2242 2261 3324 4510 |25.47] 1978 560 55.65 25.07 ]|26.53
RL(f) 1279 1853 2387 2456 3530 4764 |27.15| 21.18 733 56.01 27.85 |28.09
SM-RLiattr+b) | 13.50  18.83 23.72 24.01 3419 4656 |26.80] 21.00 7.63 57.25 28.06 |28.49
SM-RL(attr+f) | 14.01  19.02 2396 2455 3642 47.14 [27.51| 22.54 856 5895 29.74 |29.95
SM-RL(aur*+b)| 1420 1979 2517 2538 36.69 4822 [28.24] 2356 952 60.17 3253 |31.45
SM-RL{atr*+0)| 1595 2025 26.51 27.84 3847 50.01 [29.84| 24.36 1117 61.25 32.08 |32.22
Table 2: Results on DiDeMo dataset Table 3: Detection speed comparison
Method Rank@!  Rank@5  mloU Ty T —— - =
MCN([L1D 3810 78.21 41.08 Cf-:[ERtl‘J—d Verage running I:;)l;:]}f)er minute video)
SM-RL(attr*+b) 29.64 79.38 42.17 I 6ur< ~.’;2ms I
SM-RL(attr*+f) 31.06 80.45 43.94 K '

231 THEMERER

H—TH, TREGHRT M IEMRGF. WE 24 Fix, 1 EWNE

sink”, Bl =P ATEACE S HIERAER, PIEE], SRR TIARAT R E R B,

“the person washes the leeks in the
EEREET—F

, K

MALEIZHONIE, 2 TIWAYE “Person put on a pair of shoes”, BI—MAZ £ T —WEE, MAPhAEIINEL,
WFEXMEFHENE, BNRAAEERIIEEFRTRE, DULERITEFERE,
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Ground Truth
Prediction

Observation
Sequence

TFrame

Query A:  The person washes the lecks in the sink
Ground Truth
Prediction

Observation
Sequence
1

170 Frame

Query B: Person put on a pair of shoes

24: EMRBIF

=. BESRKIE
REIRN EATFH—EBNDE:

ERER A AR AN ER, B TURE RN

IR AN LERHEBLRRAR, BEBBERREIEERININEEANER
EIERRRES R BnE NS ZERBEXRR, HESEMEFIMT.
ENMERMRESHLITIEDR, F3 PRI EIERETSEE BRI AL TIE RIS,

BN ISM="HEEEMNE T ARRNIIESE:

* 0{alfif Decision Making, &AERE. 1. HIRVERAB TR SRMATESIERE, BHRREREE
B, BRINIESRREXNAZ, BOUAZEHEETTIRIORER, MRETER NS T RRELR
BERXMER.

s M. EENEMNES. SRESHETHRAENERE —E, UK. BEREEN BESHNER
MO EMMIESZ B, EEXSMMESZEEHEEMENER, FURIESHNEM> EFEN—T3FM
tHEFEMRIEE.

s SEANEBENBALES. RABRNBARNRARES ZNANEME, TERNESAENRLSINTHR
XN SEA SN SAE SR LM ABNME.
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@ LXHRREER: —MESFEEEFIER —EEEAEHHER
HEES

B gtX BEE

EERBIRERARE “NNBRMLIR" £, ERKRZEERNERREZRERKIRELZAER T (—MAESH
EFIER—EOEEEMNE RMEES) RS,

[l
o

EREF, RERRE, ME “ESEREFPIER" BNEMEFBANSFNYIENRIENEREFS,
BMESARBEFIEREGRREADEFENRZEA, FINEIERECNAKR, BRFEHE HiEE
FF,

BMAEEENERSS. BMNRZESHERANE, MNMEEEEFRURIESHF TR, BEEA
NEMBGEFIRAIMNES SR, S, ETYIERASFRYIEIRNAESF A, PIE 0
- 1&5f). 5t - GBI AN LI,

g it

M RE R XRENRER BT FEE

BHRELTER “—MESBEREFIER, BREMCIEMNERNRES", MEEY, XIMAESEREFRY
R, BENETREIEOERIEMNMLEN, EEMREER? AINHEARS, NREBWELEER, Ba
FBESEIE LS. EIPA9IRA.

FTiE “ESBEREBFIER" BNEMENBANSFNYENREENERESS, ENAXMEE 2T,
FEBZIRAOARIVR . FIRNRE,

—. BEFRIARIMR,. BIREREB

FiHE TR
VIEEIRAAEEME . FTX VIBRIERIRE !
VIRRR EFH! IR EMREES ! vV BT EEIR!
VEBAT!? VIR EEMMARAR, A% R !

R “FREIR” + “ESIm”

T O #nasiEr R ORERLT AW AL
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HEIREFIRAIMRIVAEN—E, REVMNRIE RAIXLEH, RRFERRS. ERIRAIRER, T2
THNRAZEAINEREE . ESNOHTERR. EHit, SENTERREEMMEEZMAME, KA
IO RE R

MARNEEIRANREIREER T AE: H—, BENIIEEEX, MMEREMEZTIRAEELI T
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FH—MERE D . £ TEMRNRERRS, BuiREi. 8. RENFREER D, ARARBEHON
75 BRIEZSN, BRERFREBRRREMED, MEH(IN U, HL U ZAZAPEERMEN, BANZE
HATEBRMANBE. U T BEELZEPHINAARN, XBFNERARREEZRN. RMANRE.
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J AGUIEINUI @‘cwﬁg

c MR EEANZEEB3MEIEAR  Natural User InterfaceE AR PR
(HCI: Human Computer Interaction)
RMERRIEEAREES
SISPC, FHl. FHELRIHRERE

@ [(5n)(an)(sn) (an)

AMEEREO (UD

RY0RA
FRET (68t 3Um%)

Graphical User Interfacemﬂ?fﬁpﬁ D 7T

2: NMRERRERSE

XFAMREWERAE, WELEMR. KVEEMBANRKE, ReEEATILXENENAXRNERE,
ANTERBI T FBOANKRE A R—a <175 E (Command-Line Interface, CLI), Lb#ERIARNBRIES,
SRR ERENEHES. WEfE, BFRFPRE (Graphic User Interface, GUI) E/\TERLEI. h+ERZE R,
GUIMHEHIAIES|I A TERNESm. MAFPHNAE, ANBERERZIER, GUI XMEEN. BENRETFE,
BEEEK PCHHI, MEWNAERE, UNEARBOHERTERMNEAR. D GUI A, ARERAFZNAR
FAYZ Steve Jobs 1 Bill Gates, RZPA. BEMLEFEWHIA T GUI KL, F1al Mac 1 Windows,
ENEHRIRMERAAFHEXT Ul SRS, HEEERENEFEBEFRE.

MEREBABRMNEW ENRARMAR., Lirt GU FENSERBITEREUETURANESIENSZ
B, SxENRBTSE GUIFERXN 4 MERESBE : Allan Newell, Alan Kay. Douglas Engelbart 1 Ivan
Sutherland, XEH, Allan Newell 22317 7 X FIAKIFNIT R 2 [BIA1T 0 2 [BIRYREEL; Ivan Sutherland 75 T8
PR T*TFEFRFREMNERS; Douglas Engelbart £BRT 8T T Alan Kay, XRt3ERTEEREASR,
PC FRZEX R BRI th RIFEMATIR HAY OO(Object Oriented) FIFEZ. FTA, A GUIS
RHINTERE, BIEA—DEGHNREBENRA, HELERZHEANNZERSE5ES,

R THFHHLEI T BARFRE Natural user interface, NUI), SEIZENGIFE 2007 FHMEFN, A2
VR ERfE. NUIEEANTI AR BERNRMAIRE, ABARASMEETRSISRNRE,

NUI B, ERANREROBRZAIIATA. NMACKEENTE, ERNWER 7RO ERAYER,

1.3 REANNEHR
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B 3: REEEXRK

BREH—T UIRNERESL, Ma<iTRES GU BRINU, ASHEZEREEENKRE-—BERENE,
MRITRABIAFENRAEGELRE, RENSLETIHEN, HTENE®E. RRGAF. 27T GUI,
BEXEAEN, SSHITAERBEAKRK, ERZTEM. 2RFEER, ERMERENREMEARNTIR
ZTOHARN, ARNBI—TEENERE, JRERRENFFRIREERELHS, — T RENNIEMA
MREFAENSD LIRS, U EHAILUANZRANFREENANRENREO,

2T NUIBER, BARXESTAENINRBAROBNFET, REF. Kinect. HoloLens FIRERIHITHHRT
AR ERO, TENE=" EMRE. IFRATEZTHA.

NTRAXE, RELZELEN, BEREMNT, CNEFNLLZMTREE, FEREPEN FTHRE,
SRELTZERE, EEREANNELE. FNR/LEAZTPEMNRINAESEE, BLAROTHMREHEA]
BE, HINNIEES (Gesture) ZEMERHS, RAFHITRE, FHEMRNESIPEIFNERMAVED., B
tbz4h, NUAFEEEENSEMELE, B5T AR, BEERME TR TRANZEONTIA,

1.4 $EOFHER

B (t) = W(UI, user state) x log (1 + S(t)/N(t))
(FEE. MEEE. DERE. BREE..)
(EPEREZ TS

B 4: EEEHRAT

MIREFARZRER, B—TEMEBIERETERIL, LAABRNREEONGRE, FREZRZEZZM,
Hep S(T)/N(T) 1B R ERRLE, REOASHNSM., T GUI RZATkEO, R S(T)/N(T) #HBE—TMHE
AN, REMIEFERRS (User State) EHNERASEIMERBE.

BEAAMRZREFEZHFHMN. EAENTANBZENKE, ROJLFREERNEY, HE25EESMNH
BEENARE. XENHRTEROMELNESHHNRERK, ARESNBRER, EXHFORIRT, #
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RGN FERANLZEINEESINER,
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hema | sEEEAEA

EERA | ERERAE

[ 5: FBHHED R B A

BEOTEMNEMAIENE? B="AENER: 1) NELUREMS, BACEZTEFENIERE, BE#
BIIRTAREAGRLIE: 2) WFRATES, ANSEEXRS, AEREENLTEREHN, TEMELR
NHPIEEENREIRA LK, FHFEMMBAMREEE, REESN(E, Kinect XEREFFERRMIRE—TITX
EEaNiEF, REZTEEAR. EEERZIR THNERERERX MR, MNFEEROSHENFMG 3) 7*
BEAE, BIOSKRIA A RARRIYEEEATATIRG, EAMERET, BNLEEPAESTZRT
WENAS, RIENEERIERENGE, HNMEE. BR. SESHXAR. BRES,

DA_EFhia) AT 2 BRAE IR O - £ H 5 L, REFRMENNERMS, EAZTEER? SMEFENANE
RATREEHTIRET

—. BRANBRTNEEN
MIRERRANZEZRSARE, WRANTHEDTERR. REETE. TEEMML, MATEEIZEIN
Wk, /BR—TFHEO.

s AMIZERRERZERL  Psychology, Social Science, Ergonomics, Information
Theory, Computer Science, Linguistics, etc.

Use and Context

Ut Secial Organization and Work {i@ U Humen-Mechine Fit and Adaptation

How fast can human point to a target?

U2 Application Aress

0° 0} @ el e — How fast can human select a item from a menu?
—
= Il L] A= — How human draw information from vision?
Srsonems Gutyl Devies <> — What’s natural? How does human express intentions?
L % =

— Human Information Processor

SIGCHI

Bl 6: MIRERRZXXFER

LER ACM SIGCHI B AR EMNEN, AINEIANRER—TRXER, LEFE. BHERZE, B5%. &
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BRI, AMERIZE, HENFFELESANREERR. CEPIIHN—LERREDR, % GURABELETRS
BUBR, thia NUI IR T REFNEENSE,

Allen Newell 253379 Human Information Processor Model (HIP Model) BE A0, iZiEEIE A YR
HMITAFNNNFRAREILBRLUBHBRESHMEE, NTEMR, B—"FRARONIERR. FHERNOSH
BN AKSNEEFOIELIOREN, RNZIERRRE T —LIFEEENETRIE,

LONG-TERM MEMORY

J EERARNBRTHEED

U
WORKING MEMGY

The Human Information
Processor Model

Perceptual system
Motor systen
Cognitive system

LD L
N TR E HProcessor and Memory
F R Y5 H Operation Principles

70 ERANBRITHEE

BARMAFREBRE HIP RE RG], £ HIP E8A, ARLEFEHITHORRERAM, XAFHSTFRAR
AAIELE, ERNFERBNRIABES ., HIP Model SR AFRERRE, BEULFNAMUBENXAM TR
RANBAR, AR,

T=1,l0g,(2D/S), I, =—(t,+7.+7,)/log,
I log:2D75), (r +oed 7 o8
BE 2 ERAE AT A 1D

in { The Psychology of Human-Computer Interaction) 1983

/

(R
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ZANKTIRE, BE. BE. A, INIHEZBRXREMIIFEREE, FEMN GUIN—MIRE,
E-EHIEEEFNARSNIEO EERIFIMAIL TR R, XIPRIERENMIEN NU BB RIFAVELE.

=. EHREMFEINEARERA

EMRE, BARRENF=RE, ERIAFEAGRIFRT, hREMERR, ALHERNERZHNE
B8, fRREFEE, RAEEANRESUSIMBHFIE (Fat Finger) B, EFFHEEEFR, BRRPIREIL
ARTHEF LSEME, EMEKFEEAREI50%,

oo0?

oo

B 9: ANREMHFEFE (Fat Finger) [a)@

SETEHBASE HIP Model, B3I 7 ERERBENIRNFIE=EHgEIEE, WTEMR.
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BMAESYE XRAELERE @ARE BECRFE

B 10: FEoaiEtHge NiRE

XMERERE T AER DI RRPIERSIR, tED Mental Model, ETLE HIP Model BIIE 2, ZIERLIE1L
THRBANIRET, MABRBREFESEORST., BHNEE. WIRZENXR, MMM TEMRELE, F
It N AT R, AL\ EREN.

tesh, BEASHESILOEARBANN N ETEEBIRE, TR,

Max P(word|input) Ij:m)\mﬂ-l-ﬂ;fﬁﬁg

pGilX)) - pOalYy) | [paxiaxy - | [pcayiary
i=2 i=2

e -

110 XARBAR NI HT RIS 72

XA MERMN, —TRMENENREKRNESRE, —TEFEoEiRE, $_&45, JURE
WM RERDERER, MMAEREE R EERRNEEBOENRNE.

SE BB IR EL A 4F 22 T

(1) HBEATARRE, EIEEARFISIZHIEENNEM DT SR L,
(2) FIAT IR, [ER/IMEARBYIZGEIER A ASHRZREL,
Q) REF LAY REIZMR B0,

NTRIMARREIATMY, MANER— T ERFRLNRBEFIREERO, NTEMR, RERB/LTEX, T
ERFRERE, BEREETMBERENCENRNRETEE, EAFTNARKEFIN LNBNRE, ZBNE
RELLRRN AL NNE SR NENEENEZRNER, MAMRS TRNEENERE.

FIREEN S —TNAZEAR/NVRRER, XZ2EERAN—TIR, EBASS WP UEERE £1T
F60NEA, EFNLEAB 30407, FARRBLEZIMIABEMI. LxELANERBREEEM EET
BlindType BINEE, FEEMAEANARCICHATHEIM ENRFHITRERA. £LRP, ANFEEF
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l, ARBEARME, MESEE, REATUZIMEDH 20 TFHREA.

Eyes-free Typing in VR/TV

Split Keyboard

12: Eyes-free Typing K8

[ERERY Eyes—free Typing M FA7E iPad f Split Keyboard £, EREWMNEEEM RS T —EZ, WILTH
TERARME,

SEREFEARERNEARIT T —RRE, TERFAMNIRRARE, IUTHRIERA0UE, AN AR
2, BEEEFENRG, EREMDENHBN. ExFANBIER, Gt T FOENUS, HYFENFR
UEZBHNXAMT RENSIT, BIBHEE, AEENRESTEMNNED, SRBANVERET,
ERRETTE TRMANASR, FJNEREBHMNFIETE, ERERINHMEMAERNER,

VIPBoard S/ F&BEREER (5A)

call for more details

BRAERIREME (BBERA)

& O (1]
P00 ¢ - ©C

QIWJEIR|TJY|UJ I JO|P

A|S|IDJF|GJH}J]K]L

#RZ|X|CIVIBINIMESE  p(c|pos,pre) = s JJ

— P(pos,pre)
. o _ P(pos |c, pre) P(c.pre) ||
- P(pos,pre) Jui
@ 0 o« P(pos|c,pre) P(c,pre) ‘TIﬁ

13: HREREAREE

RtE 5 B 21 BBEMBEAHNHER EE—REARE, UERREST 60% UL, EHMPERKEK. ST
T, RIEBMAIESERE T EE CH 2IHREIEIRR.
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M. EEhEEERIRRIE A
SREINN, EEHENHNBAS, ENNEEENLESESY, BUEE RGP NHEEE,
BRIZAE, WAETANEZ DESE . BN SR REE,

SRR, fAMRE TS FAER, W TEMR.

EES YR FRE -

v REESEMENBEXY: AR, FSMEEMMESHRIERSE XK

AN ! i i N

BN R AN Sy =c, oy, +E,
M AR 7 ey — I AR
MM/\, (RAFERET)

T B I i

PO M 100 = TTTTA0M M) 400, M M- M5, X

REVEHZE T FEHEISEHHME, RA FUESIA 0.97
UIST 2015, Ubicomp 2018, CHI 2018, CHI 2019

14: RIS FRE

ZIRAREEEMENBEEXYE, BEENESENENEEMNEZENNT XK. AIAZBERN. BF
R BTNEASH, HA—HLANBYEEXER, ANEGMFEES T FIFNNFRREMER
K, NFHMEEHRHEANG, ZEREREES LR F1 ER AR 0.97, SHSHINFERERMFE
O -BEERFHERIL.

AR/VR BRI FHEERHN 0o 4B E TN FIEE, BIRBERBNEICCEREER TE, 7T T —H AR
e, BMSZENRNREANFE—ENEE, —HEARIEFECE —ENNE, Z—TEXBRE
MESE, BEEEMERTNIERSR,

v BRE{ERERE: BRAR/VRIR S BRENENERR IR,
22 o BRSO AR T E)E R 520% KA L

ERRRIRN | BARERIRK

g M":‘ - B BRI
M 0.988s 1.325s
ETRAREMENNFRERTIME

BiRFEHILEL, ERIRMAR

BRERGSAE (K

o m e m Mm@
" S R kR B ()
BHUROBARE (F)
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AFNLECEEEAMEER, KROEOSHEFORMER, fHEEFFILNEH, TEERELRDE
EMLERMNE, WA T BPEREE. ExEHAMIERNEME, ETEHSHNFREINTS
RBENEZRAEE, BETIRMEENEERE,

ERERESANEZE
P(EHE | phEER)
= P(EH | Mi#EER, EL) x PEER|EGEKESD)
EMUIZGEH B LA MateFIP R TIREALHL

2) BB LA A RIS IS F 500ms E1500ms2 8]

HERVOUS
COMPLETE

m o m 1) B RS A R e R GEIT500ms
mmom memowes Preey prerm—

E18: BHEEELIRGIEE

tesh, SETEEEET R THNEARTHNEBRIERE,

v MEESAERAN: BEHXE

EarTouch

Facilitating Smartphone Use for
Visually Impaired People
in Public and Mobile Scenarios

Current Use

19: HHERXERA

®E, LRFEHRENATHNEAREEFERETENHE, 2FERE, EREFNINEIRAFPBATR
BEMF, TEPFEHHNEINIEE IR ERIRA, Mt—K, AINEREZ BN _SFET BEI=%=
B L. LTERRT —LEHANIRER, UBIFEERSE, BIFBIRN. BIFBRRSE,
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@ BFARRRKESE: Fohili: ERURERLERAGR

B gtX BEE

EEBIRBRARE “NEBAitin” £, @RARKRK, ERAFHRERERT (RFopiln: FEM
REBLIERARR) HEDEW,

ERRBHD, BREMNPMTAENRT HENTEMRARMRE, H, £ B8N Bug” BoiRE,
HEIRIIEAL RN BRI, EEMAAT RANRNMRESLENEL EGHNAMN, FERESHRN
RAERRES: £ UHENARRE" BoRE, ZR “Video BEk + HE + B = HENMAR" &Y
EXZHEIZN, TILRE Video RIEXEELEREEH, HFEHRITES, REAFTERBRESHLUIBENL
Bug, MEAFTEEELENHITRINEEE,

MU T 2B R X REN R SR E B A X I

SKROREAER BoPi: BEBURESLIERAERR), TEATEXNHRITENNEAGTS. EAMEA
HITEMEE.

BMRENENERTE D, F—Ho 208 Bug, Mo ENMNRAIRE,

—. EXE34B#68Y Bug

L

IR

+ BFATELSEH R RMNILRE MR

+ 18275 FEEIAAB R BIREHRMAfARNBXmaE",
—EHihE, AEFIRARXHREEX, M EA/ VN
28

+ 1839%, FEEALJMAFERLMBREALE: BRARREGIE ..
2, FE—RYONSCREBARE. BEAERERLERS B
ARIKIBRE. BAAKRESHBEOBRBREHTEY. B
%'?

- 1888 FEEUTAATEF T HEVEAAR IS 1§60k (S
AgBr) BSATRIBHETEEN S EREIE, BN EEERT
R, SARVRITEE(s):

+ 16, 8. 4. 2. 1 Lot
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©74e



IMETIRE 8D, EBAEMAY Bug, XER Bug BEEMITBENMREMARAN T TE RS MHITT HE Bug
C

B4, At LEEBENE Bug ? B, XEBRRT ALNRIEBLE. HESENRISMERMEN, Lhrt
SREBEN NS SRS Z AR T RIAEN

TEM “AEHNESKRBR" FRBRX— SFR", FSkBRIET 1827 &, BMBEREEALNEX - Bk
B, RANKAZMARN “BXR2E", BRRERAEXARS—EENE, BIIEhBMRHESEE
EAREN “FA87, ERBREER/ VN, B, FTUAE R ERIRAIERREA.

271839 F, AUFERARTHNIWES L%E%Mﬁﬁ%%? HEEADAMERE, SEMNHNRIRE:
BNPRE—REGNBCRETEELD, NEFFHRN DR 21/2 0B 1/40EE, NEEERET
1/1000 %, HL, ERREREE, FEERDUBTAVEREREIN TR, RitSRIVRFEIHERRZEIME,

Bl 2: AEXE—TEFA

HEPENEDGF, WEEMRR, XMUXEREAXRNE-—TEFRA, ADARIEIESHGBFHEE T,
£ 1845 FHY, AR “RE” HTRERAABMBLERZX /NN, ROIEFR, MFEERRFHFHML LY
PNES

PRIA, EE—BRARN, MIEANERANEN, RTIIERARRTRANEE, ENELRK, SpiaiE
BARCELERE, EXARRETFTENE,
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VideofR 57

* VideofERaudiofI3IRIIE, 193sFERE LHLES, RTHT
&, 8X2"l see”

* 19375, The Michigan TechnicE )RR {f21a, B EBE"that which
is displayed on a (television) screen”——RR1E (BBfl) FELH
(ZR78)

REBM BRRGFLHORRM OZNA, BRREHIR
ESAicE. EMI 1B (“to the recording, reproducing, or
broadcasting of moving visual images”)

* IPEG (Joint Photographic Experts GroupBx & BB E 3K H 1986~)
* MPEG (Moving Picture Expert Group IZEIE{RE K4 1988 ~)

3: Video s RSE
F—FE, B HEELEEEGEN ‘SR, EANMMERGHN ‘&5, Fn—0Himes 24 mEkR .

HL, NEERABR "B BAZE, BEILET IR iR, GINHBRIER Video, XEIREMBR
‘R HEERESHEEHTLIE, (BXfrL Video RAMRERNANEZRERA, BEISWEHZ DN
B,

XEEFERNEER: SRNTBABTHERANNE, BAEREERSHH/LTMHNEGRRINIEE?

me, A7, XMMRESRAANME—MEAENFE, FERETE/ICAMETIRE/RIEA t AIaaiERE.

R E RO PRI E) R
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< SR EIX/EISER: nikat
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« FlLZ (B]RY B AR (BB fR At
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flan, ERENS, NRBEEATRANENSTE, AARBIENRAtRE; NREBIESERENDRN
ER, FIREBHRE/NA IR, B, BRCNEERNT EECMERNARESNRE.

FINEFERWNE: ERBOMOIER, RINSVHER 30 B, HAAERE 2 iz B 33 289
‘iIE)T REA—IEES, R 38 BVHNNERKT, RSHEGRN . EERENEERAZA/LEY B 3
=ZM), FFRNLt=0 G0 =W) # “RE” 7.

®AER, EREEER, RAE1/108 “NE7 ISR T TR, T 0% 8 “IE" HRBEICE, FINESK
HAER—FERMRERNAN, S8V 30 MANEGTETEN, B 90% NEBHEER.

B LA, AREEXREESFARERLENSR, BMNEGURNESIRERE T, BNXER
REROEENEE, MESBFRCNEBENA, HEB2BEHEVHA/LTMER, SMEEESEHE

=AY,

|

BARNZE AMIE? EMNHEZIECRBMICR T, BE—MEENENAIZIES— T FRIXAR B
FEIURE T FRIMERICRE TR, X7 8AEIE L& NERRE.

BINEIBAY Sensor BERAMIETLIEIR E “HeIL”, BRBTEENMIERRAER., FLEIET — a0
MK (Vidar=Visual Radar), BRIZEHR T Video #1T7X 5,

A (Vidar) MASES SRS T2 Vit T, MRENEBZAZIRE, —1 Vit B—TIFHEX,
SR, MELHPNETNEEMIRRXARBE, BARTRNE—REFRANNEZER—A, B— Tt TioR.
Hip, 8TROCSEHEMN— T F RS, SWERNFREERIINERERN, MrE—"1R, XPMoh &k
T RX AR AT R B KA — P TT

- AT (i) SRR TR THIR
A (vidar) . dsEmxFEEEIQOERER, #H-
. E— PR, X RRRAAIX R
Visual Radar wrismn—imsn.
- HA (vidar) S EABETENNTIRRR
ELRIFHERLFS, PR = bR
SUHEIREB I EHAARIET, RN,
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FELEAIA (Vidar) BOEREXZREMIET), BIETROGERETENITRRNBIRFHMRFS, AR
PR R IR AR = B R E A RE S

ETIABZGHAEN, sERIHMPRONERERTRE, MMIHN—TSERNLERR. B, Xt
FME LR EIZAPIRAIMSE, FARX RN ERREIE RN BN FREEE T —1EE.

HRIATE

- ST REE
- ARBORAM NS E
- RFARAT R
c SEEDHE MAIEN
- EIB AN M —
- DERL&
* EEB&%H??H@ {EEEEm
- BHEHDSTEE e
- ARIEEETE HAESSEENEIR

BEMEAEN A 2RBE? 26, B —FENSVIUFE 4 B P0R, BT BREEHEE.
BlanEmRRE RN (EORSAEDR 7200 1) podES, @R FERNXFERESIEMRIL.

B, Rt AEIEENELESE RS, SUWNRERERGR? REBRES: B RBRMEF, MM—
ARFEREHA—HEGEERNERT, EPAURBNEER: ZRM NS ZENNEZE, WRNEER
K, BPAAFREBE, MR RS. WILEEESNBHNREX DT,

MEISYHAET: BATPIDREAL (Vidar) 4R EEQUE G, ELXf 1507 N TRESIER
FEXRE, EARFIUSEEESENEERRT.

Hit, N TEMBRM RS, BREXTEH M 2RAE Fulltime Imaging) F1E HISEEBE G (Free
Dynamic Range, FDR), EA, & PMHITAFLERTBFIYEEBMREE, BT UERNZGRUETESNZIANL
38, MILAFBEEENZIEG, TUERAG NRNEEOT K22 0T, W ESHSTEN
B, MzABEHRNSTEBE.

MERE RN “HR" JUEER, —BERNZAIMEZN, ERBRRLEEASD/L+. JLENEGN
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