
Key Ingredients of a Region-based ConvNet Object Detector [most state-of-the-art in Object Detection systems]

AlexNet
8 layers

(2012)

VGG
19 layers

(2014)

GoogLeNet
22 layers

(2014)

ResNet 152 layers (2015)

Inception-ResNet-v2, ~235 layers (2016)

Deeper, Feedforward ConvNets
Deeper Network = Better Performance (so far..)

Contextual Priming and Feedback: Incorporating top-down information Faster R-CNN

Filter dims. Differ
from VGG16

Feedback 
Connections

N/P
Norm/
Pool

L2 norm. &
adaptive maxpool

Append A
Append input 
channels

Networks getting deeper,
but remain feedforward

Are we on the right path?

Human Visual Pathway
Strong evidence of Feedback connections
• Outnumber feedforward
• Feedback even to V1

Support that Object Detection uses:
• Top-down information 
• Contextual Priming [Hupe et al., 1998],

[Kravitz et al., 2013] etc.

Can we bridge this gap between 
empirical results and theory?

Incorporate top-down information, 
feedback and/or contextual 

reasoning in object detection

Semantic segmentation as a
top-down signal for:
- Contextual Priming

For region proposals & object detection

- Iterative Feedback
Top-down feedback to the entire network

Main Contributions:

From Fast R-CNN to Faster R-CNN

- Contextual Priming (attention) using 
bottom-up regions

- But no top-down feedback

Fast R-CNN Faster R-CNN

- Learns ConvNet to propose regions
- No Segmentation driven or bottom-up regions

3x3 Conv

…

··
·
·

·

Use Anchors to Propose 
Regions RoI

Sampler

RoI Proposal Network

For each RoI

RoI Cls. & BBReg.

S mAP aero bike bird boat bottle bus car cat chair cow table dog horse mbike persn plant sheep sofa train tv

Fast R-CNN 70.0 77.0 78.1 69.3 59.4 38.3 81.6 78.6 86.7 42.8 78.8 68.9 84.7 82 76.6 69.9 31.8 70.1 74.8 80.4 70.4

Faster R-CNN 73.2 76.5 79.0 70.9 65.5 52.1 83.1 84.7 86.4 52 81.9 65.7 84.8 84.6 77.5 76.7 38.8 73.6 73.9 83.0 72.6

Base-MT  74.7 78.4 79.3 75.9 63.2 56.8 85.9 85.4 88.4 54.9 83.9 68.6 84.6 85.6 78.5 78.1 41.3 74.6 74.8 84.0 72.4

Ours [ joint]  76.4 79.3 80.5 76.8 72.0 58.2 85.1 86.5 89.3 60.6 82.2 69.2 87.0 87.2 81.6 78.2 44.6 77.9 76.7 82.4 71.9

+8.8 +5.7 +3.3 +3.3

Detection results on VOC07 detection test set. All methods are trained on VOC07 trainval and VOC12 trainval

S mAP aero bike bird boat bottle bus car cat chair cow table dog horse mbike persn plant sheep sofa train tv

Fast R-CNN 68.4 82.3 78.4 70.8 52.3 38.7 77.8 71.6 89.3 44.2 73.0 55.0 87.5 80.5 80.8 72 35.1 68.3 65.7 80.4 64.2

Faster R-CNN 70.4 84.9 79.8 74.3 53.9 49.8 77.5 75.9 88.5 45.6 77.1 55.3 86.9 81.7 80.9 79.6 40.1 72.6 60.9 81.2 61.5

Base-MT  71.1 84.2 80.9 73.1 55.1 50.6 78.2 75.6 89.0 48.6 76.7 54.8 87.6 82.5 83.0 80.0 41.7 74.2 60.7 81.4 63.1

Ours [ joint]  72.6 84.0 81.2 75.9 60.4 51.8 81.2 77.4 90.9 50.2 77.6 58.7 88.4 83.6 82.0 80.4 41.5 75.0 64.2 82.9 65.1

+5.3 +3.0 +3.9 +3.5

Detection results on VOC12 detection test set. All methods are trained on VOC07 trainval+test and VOC12 trainval

S mIOU bg aero bike bird boat bottle bus car cat chair cow table dog horse mbike persn plant sheep sofa train tv

Base-MT  66.4 91.3 82.0 37.7 77.6 58.8 58.8 84.0 75.6 83.1 25.1 70.9 57.8 74.0 74.6 76.4 75.0 48.8 73.7 45.6 72.3 52.0

Ours [ joint]  71.4 93.0 89.3 41.4 84.1 63.8 65.2 88.1 80.9 88.6 28.4 75.4 60.6 80.3 80.9 83.1 79.7 55.4 77.9 48.2 75.8 58.8

+7.3 +3.7 +6.5 +5.0 +6.4 +4.1 +5.3 +5.5 +3.3 +4.5 +6.3 +6.3 +6.7 +4.7 +6.6 +4.2 +3.5 +6.8

Segmentation results on VOC12 segmentation test set. All methods are trained on 07 trainval+test and 12 trainval

S P F mAP
Fast R-CNN 71.6
Faster R-CNN 75.3
Base-MT  75.6
Ours [priming]   77.0
Ours [feedback]   77.3
Ours [ joint]    77.8

Detection results
S P F mIOU

ParseNet  68.2
ParseNet*  66.0
Base-MT  65.8
Ours [priming]   65.3
Ours [feedback]   69.5
Ours [ joint]    69.6
*with detection hyperparams (see paper)

Segmentation results

mAP mIOU
Base-MT 75.6 65.8
Priming to conv5_1 77.0 65.8
Priming to conv5_1, each fc6 77.8 65.3

Ablation Analysis: Contextual Priming

+ Priming to each RoI (which adds global context) 
helps detection.

- Gradients from each RoI overpower 
segmentation network.

Stage-2 Init. mAP mIOU
Base-MT - 75.6 65.8

Feedback to conv1_1
ImageNet 76.5 69.3
Stage-1 76.3 69.3

Feedback to conv{1,2,3,4}_1
ImageNet 76.3 69.1
Stage-1 77.3 69.5

Ablation Analysis: Iterative Feedback

• More feedback helps when initializing with Stage-1 
network (cf., unrolled self-feedback)

Recall-to-IOU: Evaluating Region Proposals:

VOC 2007 detection test set VOC 2012 segmentation val set
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Pascal VOC 2007

Before deep ConvNets

Using deep
ConvNets

Use of Region
Proposals became popular*graph adapted

from Ross Girshick

0.   Faster R-CNN + Segmentation

conv1_1 – conv4_3
Pool4seg,/1

Pool4, /2

fc6
fc7

fc7 norm fc7-avg
unpool-norm

RPN
Module

RoI Cls
& BReg

Base Multi-task Model (Base-MT)Ideal Segmentation Network:
- Should be Fast
- Closely follow Faster R-CNN 

network (e.g., VGG16)
- No post-processing (e.g., 

CRFs) 
- Helps with end-to-end 

training
We use ParseNet [Liu 2015].

0 1.   Contextual Priming via Segmentation

Append

RPN
Module

Segmentation

conv1_1 – conv4_3

Norm/
Pool

Segmentation 
Module

conv4_3

Seg.+conv4_3

RoI Cls. & BReg.

Seg.+Pool5

Pool5
fc6

conv5_3

Append

Norm/
Pool

• Priming Region Proposal Generation
• Priming Object Detector (local context)

Priming Object Detector 
(global context)

1

Feedback modulates 
low-level filters

RPN
Module

RoI Cls
& BReg

Norm/
Pool

Norm/
Pool

conv1_1 – conv4_3

Segmentation 
Module

Segmentation

Image

Norm

AppendAppendAppend

Norm/
Pool

conv1 block
conv2 block conv3 block conv4 block

Append

conv1_1 – conv4_3

Segmentation 
Module

Image

Stage 1 Stage 2

RPN
Module

RoI Cls
& BReg

2.   Iterative Feedback via Segmentation2
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3 Joint Model: Contextual Priming and Feedback3

Reduces Search Space
Allows use of richer features

Focuses ‘attention’ in right areas
Reduces false positives

Generally, bottom-up, segmentation driven

Recognition using Regions
E.g., Selective Search, Randomized Prim’s, CPMC, Bing, EdgeBoxes, 
Rigor, Geodesic, MCG, DeepMask, SharpMask, AttractioNet, etc.

2

1

Experiments to study the impact of Priming & Feedback

Test set: 
VOC12 
Segmentation 
val. set

S P F AP, IoU: AP, Area: AR, #Dets: AR, Area:
0.5:0.95 0.5 0.75 Small Med. Large car 10 100 Small Med. Large

Faster R-CNN 24.5 46.0 23.7 8.2 26.4 36.9 24.0 34.8 35.5 13.4 39.2 54.3

Base-MT  25.0 47.0 24.2 8.1 27.1 38.1 24.3 35.1 35.8 13.2 39.8 55.0

Ours [priming]   25.8 48.2 25.3 8.3 27.8 38.6 24.5 35.7 36.5 13.6 40.6 54.7

Ours [ joint]    27.5 49.2 27.8 8.9 29.5 41.5 25.5 37.4 38.3 14.6 42.5 57.4
COCO Detection 2016 Challenge Entry:
1. Training with more smaller proposals
2.Testing: a) multi-scale, b) average across 

LR-flip, c) add AttractioNet proposals, d) 
box refinement and weighted voting

32.4 52.9 34.3 15.0 35.4 45.7 29.5 46.3 47.2 25.5 52.1 65.3

Detection results on COCO 2015 test-dev set. All methods are trained COCO 2014 trainval35k

Ranked 4th in 2016 
COCO detection 
challenge with a 

single VGG16 
model! 

Main Results on standard dataset splits

This top-down 
information improves 

all three tasks: 
object detection, 

semantic segmentation 
and region proposals.

Contextual Priming and Feedback for Faster R-CNN
Abhinav Shrivastava and Abhinav Gupta

Carnegie Mellon University

Goal
Incorporate top-down information, 
feedback and contextual information 
in Faster R-CNN

Contribution
Using Semantic segmentation for contextually priming region 
proposal & object detection modules, and providing iterative 
feedback to the entire network

Results
Improvement across all three tasks:
object detection, semantic segmentation 
and region proposals.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


