IEEE TRANSACTIONS ON

PATTERN ANALYSIS AND
MACHINE INTELLIGENCE

A publication of the IEEE Computer Society

JUNE 2018 VOLUME 40 NUMBER 6 TPIDJ (ISSN 0162-8828)
REGULAR PAPERS

3D Object Localisation from Multi-View Image Detections

CARUbine M E oo and AN R B e e 1281
A Bayesian Approach to Policy Recognition and State Representation Learning

A. S08i8, AM. ZOUDIE, ANT H. KOBPPL..... ..o ees e e ettt st s e s et ne s e s s s s nen e 1295
Bilinear Convolutional Neural Networks for Fine-Grained Visual Recognition

T.-Y. Lin, A. RoOyChowdhury, @nd S. IME]i.........cc.coviuiiiiee it eeee ettt eee et ete ettt et e eae e e et e ea e e e e eaaetearseeaeae et e ena e e anseaneees 1309
Data Visualization with Structural Control of Global Cohort and Local Data Neighborhoods

T WU, JLY GOUIIETTTRES, EIRE] S /TR TR T8I0 aroraseseineiasen e a8 A e B G B S AP A A B 1323
Deformation Based Curved Shape Representation

GLE), Demmicss, B AVECEY, BIME] 2 O EMsmosmsmomsesmossomaasamsnnssansssassammsasanmsaaa0masne saanessmmea5aassaaa0saaaam e aes s aassaaeasaeaaana 1338
Exploring Context with Deep Structured Models for Semantic Segmentation

G. Lin, C. Shen, A. van den Hengel, and | ReIT ..........cc.ooiiiiie oottt e et eae st et e eaa e ansera e s enee e 1352
Image Captioning and Visual Question Answering Based on Attributes and External Knowledge

Q. Wu, C. Shen, P.Wang, A. Dick, and A. van den HENGE! ...........c.oviiiiieiiioee e eae e 1367
Incorporating Network Built-in Priors in Weakly-Supervised Semantic Segmentation

FS. Saleh, M.S. Aliakbarian, M. Salzmann, L. Petersson, J.M. Alvarez, and S. GOUIT .......ccveviiiveiiiieiieeiee oo 1382
Joint Alignment of Multiple Point Sets with Batch and Incremental Expectation-Maximization

G Evangelidistand R H oo e e o sl S e e 1397
Joint Multi-Leaf Segmentation, Alignment, and Tracking for Fluorescence Plant Videos

DO T G I TV T o s 1= T= T To I Y IR =TT F PR 1411
Matching by Monotonic Tone Mapping

Gl KOVEICS ...ttt LR bR L et h bbb 1424
NetVLAD: CNN Architecture for Weakly Supervised Place Recognition

RUArandjelovié, P Gronat, A Torii, TRajdla, and i Sivies .. or 1437
Places: A 10 Million Image Database for Scene Recognition

B. Zhou, A. Lapedriza, A. Khosla, A. Oliva, and A. TOMTAIDEA ..........ccccoiiiiiis et eae e eee e 1452

(Contents continued on back cover)

Published in cooperation with: Aerospace & Electronic Systems Society, Control Systems Society, Engineering in Medicine & Biology
Society, Information Theory Society, Systems, Man & Cybernetics Society, Ultrasonics, Ferroelectrics, & Frequency Control Society

Indexed in MEDLINE®/PubMed®
and indexed in ISI

MIMEBLINE=E publfed

. |EEE
Gomputer. & IEEE

www.computer.org
tpami@computer.org




(Contents continued from front cover)

Robust 3D Object Tracking from Monocular Images Using Stable Parts

A. Crivellaro, M. Rad, Y. Verdie, K.M. Yi, P. Fua, and V. Lepetit..........ccccooiiiiiieeeieee ettt 1465
Scene Segmentation with DAG-Recurrent Neural Networks

B. Shuai, Z. Zuo, B. WaNQ, aNd G. WENG ........oviieieeieee ettt et e ettt te et e et ae et e et e ete et e eneeeneee e 1480

SHORT PAPERS

Gracker: A Graph-Based Planar Object Tracker

LI = g1 TR=TgTo I o T I Ve OO 1494
Learning Semantic Part-Based Models from Google Images

D. MOTOIO @NT V. FEITAI ...ttt et bbb bbbt 1502
Long-Term Temporal Convolutions for Action Recognition

G. Varol, . Laptey, and C. SCRMIG. ..ottt ettt ettt et e s ete et ess e et et e e e eae et e et e eaeeteanseeneeeeee e 1510
Spatiotemporal GMM for Background Subtraction with Superpixel Hierarchy

M. Chen, X. Wei, Q. Yang, Q. Li, G.Wang, and M.-H. YaNQ .........cc.ccviiiiiieie oottt 1518
Sub-Selective Quantization for Learning Binary Codes in Large-Scale Image Search

Yoo Lis "W Ly @nd. o FHUBIN Gienumsmmsnmsammnmonss s o v oo 5 s a0 s s r s e T s e e e e 1526

IEE E Comp uter Society EXECUTIVE STAFF

Executive Director: Angela R. Burgess; Director, Governance & Associate
Executive Director: Anne Marie Kelly; Director, Finance & Accounting:

PURPOSE: The [EEE Computer Society is the world’s largest association Sunny Hwang; Director, Information Technology & Services: Sumit
of computing professionals and is the leading provider of technical Kacker; Director, Membership Development: Eric Berkowitz; Director,
information in the field. Products & Services: Evan M. Butterfield

MEMBERSHIP: Members receive the monthly magazine Computer,
discounts, and opportunities to serve (all activities are led by volunteer

COMPUTER SOCIETY OFFICES

members). Membership is open to all IEEE members, affiliate society Washington, D.C.: 2001 L St., Ste. 700, Washington, D.C. 20036-4928 Phone:
members, and others interested in the computer field. +1 202 371 0101  Fax: +1 202 728 9614 ® Email: hq.ofc@computer.org Los
OMBUDSMAN: Email ombudsman@computer.org. Alamitos: 10662 Los Vaqueros Circle, Los Alamitos, CA 90720
COMPUTER SOCIETY WEBSITE: www.computer.org Phone: +1 714 821 8380 # Email: help@computer.org
Next Board Meeting: 1-2 February 2018, Anaheim, CA, USA NITEALIERSI P8 AU AR IR

Phone: +1 800 272 6657 & Fax: +1 714 821 4641 ¢ Email: help@computer.org
EXECUTIVE COMMITTEE Asia/Pacific: Watanabe Building, 1-4-2 Minami-Aoyama, Minato-ku, Tokyo

President: Hironori Kasahara; President-Elect: Cecilia Metra; Past President: ~ 107-0062, Japan ® Phone: +81 3 3408 3118 ¢ Fax: +81 3 3408 3553 ¢Email:
Jean-Luc Gaudiot; First VP, Publications: Greg T. Byrd; Second VP, Secretary tokyo.ofc@computer.org
Dennis J. Frailey; VP, Member & Geographic Activities: Forrest Shull; VP,

Professional & Educational Activities: Andy T. Chen; VP, Standards IEEE BOARD OF DIRECTORS
Activities: Jon Rosdahl; VP, Technical & Conference Activities: Hausi A. President & CEO: James Jefferies; President-Elect: Jose M.F. Moura; Past
President: Karen Bartleson; Secretary: William Walsh; Treasurer: Joseph V.

Miiller; 2017-2018 IEEE Division VIII Director: Dejan S. Milojigié; 2018-2019
IEEE Division V Director: John W. Walz; 2018 IEEE Director-Elect Division
VIII Director-Elect: Elizabeth L. Burd

Little; Director & President, IEEE-USA: Sandra "Candy” Robinson;
Director & President, Standards Association: Forrest D. Wright; Director
& VP, Educational Activities: Witold M. Kinsner; Director & VP,

BOARD OF GOVERNORS Membership & Geographic Activities: Martin Bastiaans; Director & VP,
Term Expiring 2018: Ann DeMarle, Sven Dietrich, Fred Douglis, Vladimir Publication Services and Products: Samir El-Ghazaly; Director & VP,
Getov, Bruce M. McMillin, Kunio Uchiyama, Stefano Zanero Technical Activities: Susan "Kathy" Land; Director & Delegate Division V:

Term Expiring 2019: Saurabh Bagchi, Leila De Floriani, David S. Ebert, Jill . John W. Walz; Director & Delegate Division VIII: Dejan S. Milojicié
Gostin, William Gropp, Sumi Helal, Avi Mendelson
Term Expiring 2020: Andy Chen, John Johnson, Sy-Ken Kuo, David Lomet,

Dimitrios Serpanos, Forrest Shull, Hayato Yamana
revised 13 December 2017 I E E E




