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Multi-branch Object Detection Framework (MBODF): A solution that 

has many execution branches and one can dynamically choose from 

among them at inference time to satisfy varying latency requirements.

Key Observation: If one is allowed to select, at inference time, from a 

large set of fine-grained execution branches, the detection accuracy and 

latency can be significantly improved.

Problem Statement:

• How to expose the right set of execution branches in many existing

object detectors

• How to schedule the optimal one at inference time

• Tracking-by-detection scheme

• Tuning knobs at inference time

• Detector interval (𝑑𝑖)
• Input resolution of the detector (𝑟𝑑)

• Number of proposals (𝑛𝑝𝑟𝑜𝑝)

• Input resolution of the tracker (𝑟𝑡)
• Confidence threshold to track (𝑐𝑡)

• MBODF： multi-knob tracking-by-detection scheme, with the range and

step sizes for each knob

• More knobs are better.

• 5 knobs: 6.1x speed up with 2.4% mAP reduction

• 2 knobs: 3.0x speed up with 2.4% mAP reduction

• More branches are slight better.

• Because of lack of smarts

in choosing the execution

branch conditioned on the

video content.

Optimization Goal of the Branch Selection Based on the Content:

The Workflow of SMARTADAPT:

• The scheduler extracts the content features.

• The scheduler predicts the accuracy with a content-aware accuracy 

predictor.

• The scheduler uses a branch selector to choose the optimal branch.

• The MBODF takes the branch and detects objects in the video frame.

Oracle CAS: An Upper Bound

• 368-branch: 3.2%-4.6% mAP above w/o CAS

• 3942-branch: 6.6%-8.3% mAP above w/o CAS

Our CAS:

• Content feature extractors

• Content-aware accuracy predictor

• 5-layer fully connected neural network (NN)

• Multi-layer perceptrons (MLPs): joint modeling of content and 

latency requirement

• Candidate branches
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Better Accuracy-latency Frontiers

• 67.5%/69.7%/71.0% mAP 

at 30/20/10 FPS

• 40.5x adaptation range in latency

9.8x within 3% mAP reduction

• The MBODF enhances

FRCNN, EfficientDet, YOLO, and SSD

Our CAS on top of MBODFs

• FR+MB+CAS +0.1%-0.8% mAP.

• FastAdapt+CAS +0.7%-2.3% mAP.

Visual Results (50 FPS Speed)

• FR(FRCNN)+MB (top figure)

• Chooses 𝑑𝑖 = 20, 𝑟𝑑 = 288, 𝑛𝑝𝑟𝑜𝑝 = 100, 𝑟𝑡 = 25%, 𝑐𝑡 = 0.05
• Misses on the 30th frame and localizes wrongly on the 40th and 50th

• Due to the small resolution and too frequent calibration with the OD.

• FR(FRCNN)+MB+CAS (bottom figure) 

• Chooses 𝑑𝑖 = 50, 𝑟𝑑 = 384, 𝑛𝑝𝑟𝑜𝑝 = 100, 𝑟𝑡 = 25%, 𝑐𝑡 = 0.05
• Detects correctly on all frames

• Due to the large resolution and using object tracker on more frames.

• MBODF for object detection -- higher accuracy and stronger adaptation

• Scheduling the optimal branch conditioned on the video content

• Much higher accuracy upper bound (oracle CAS) and moderate 

accuracy improvement (our CAS)
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