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Overview 

Tegra  –  NVIDIA’s mobile SOC (system-on-chip) 

OpenCV  –  a de-facto standard API for computer vision 

FCam  –  camera control for computational photography 

CUDA  –  flexible image processing with Carma 



Personal Computing ARM Servers 

ARM Enables Energy Efficient Computing 



ARM is Pervasive and Open 

Annual Shipments 
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Source:  ARM, Mercury Research, NVIDIA 



Tegra 3 SOC 

CPU 
3X Performance 

Quad Core NEON 

POWER 
20x Lower Power 

Due to ULP mode 

VIDEO 
4X Complexity 

1080i/p High Profile 

GRAPHICS 
3X Performance 

12 Core, Dual Pixel Pipe 

MEMORY 
3X bandwidth 

DDR3L up to 1600 data rate 

IMAGING 
Better noise reduction & color rendition  

Two simultaneous streams 

AUDIO 
HD Audio 

7.1 channel surround 

STORAGE 
2 – 6X faster 

e.MMC 4.4 and SATA-II 



5 CPU Cores 

ARM7 

GPU 

HD VIDEO 

DECODER 

HD VIDEO 

ENCODER 
AUDIO ISP MEM I/O 

HDMI 

SECURITY 

ENGINE 

DISPLAY 

4 + 1 

An extra core 

“companion core” 

“shadow core” 

built with a low-leakage process 

lower peak performance 

 

All cores identical 

the same code runs on all cores 

application programmer doesn’t have 

to worry 

power is adapted automagically 



Most Common Use Cases 

Active Standby Gaming, Web, Email, News 

~80% ~20% 



Active Standby 

What’s really 
running 



ARM CPU Cores 

Core 1 

Active Standby, 
Music, Video 

 “Companion” Core Active 

 0 to 500 MHz 

 0 to 200 mW 

Variable SMP 

Core 1 Core 2 Core 3 Core 4 



ARM CPU Cores 

 1 CPU Core Active 

 0 to 1.7 GHz 

 30 to 400 mW 

Email 

Variable SMP 

Core 1 Core 1 Core 2 Core 3 Core 4 



Variable SMP 

ARM CPU Cores 

 2 CPU Cores Active 

 0 to 1.6 GHz 

 50 to 800 mW 

Web 

Core 1 Core 1 Core 2 Core 3 Core 4 



Variable SMP 

ARM CPU Cores 

 4 CPU Cores Active 

 0 to 1.6 GHz 

 100 to 1600 mW 

Gaming, Multimedia Apps 

Core 1 Core 1 Core 2 Core 3 Core 4 



OpenCV 

For the computation part of computer vision  

and computational photography 

a de-facto standard 

optimized for Tegra (4x[ARM+NEON] + GPU) 

OpenCV4Tegra (version 2.4.2) in Tegra Android Dev. Prog. in August 



OpenCV examples 

Stereo 

Tracking for Augmented Reality 



Stereo matching on Tegra Dev Board (Cardhu) 

Calibration 

Rectification 

Matching 



Flash stereo 





Augmented Reality (AR) 

What 

visual tracking 

of some known  

environment 

overlay graphics 

 

Conventional AR 

track markers 

track a picture 

 

AR game on Tegra (2009) 



Augmented Reality (AR) with SLAM 

SLAM: build the model as you go 

Simultaneous Localization and Mapping 

Examples of Visual SLAM  

PTAM (2007, 2009) 

DTAM (2011) 

 

Overview of visual SLAM for AR 

Simultaneous tracking and mapping 

 Frames  

Track features 

Initial camera pose 

from triangulation 

Track features 

Bundle Adjustment 

Incremental mapping and camera pose estimation 

Bundle Adjustment Bundle Adjustment 

Tracking 

Mapping 

Rendering Render objects with the camera poses and geometry (map) 

PTAM (2007)  

Bundle Adjustment 





FCam 

Open Source API for camera control  

for Computational Photography 

Nokia Linux phones 

NVIDIA Tegra 3 dev boards 

 



Traditional sensor model does 

not work for Comp. Photography 

Real image sensors are pipelined 

while one frame exposing 

next one is being prepared 

previous one is being read out 

 

Viewfinding / video mode: 

pipelined, high frame rate 

settings changes take effect sometime later 

 

Still capture mode: 

need to know which parameters were used 

 reset pipeline between shots  slow 



The FCam Architecture 

No global state 

instead, state travels with image requests 

every stage in pipeline may have different state 

 allows deterministic,  

fast state changes 

 

Synchronize devices 

flash 

lens 

capture sound 

gyro 

… 

 

 











With this exposure  

time selection … 

… we capture this range of light … 

… with this quality  

(higher is better). 







NVIDIA Tegra 3 implementation 

2 images                                                           3 images 



NVIDIA Tegra 3 implementation 



NVIDIA Tegra 3 implementation 





Fast linear-time performance 

For 5MP images 

Global TMO: 5ms 

Local TMO: 80ms 

Exposure fusion: ~200ms 





Non-photorealistic viewfinder 

Courtesy of Tony Hyum Kim and Irving Lin 

1. Bilateral Filter 

2. Edge detection 

Fragment shaders 



CUDA GPU Tegra ARM CPU 

CARMA DevKit 
CUDA for ARM Development Kit 

Tegra 3 Quad-core ARM A9 

Quadro 1000M (96 CUDA cores) 

Ubuntu 

Gigabit Ethernet 

SATA Connector 

HDMI, USB 

Pre-register on www.nvidia.com/CARMADevKit 

Launch in early fall 2012 



500 Researchers  
Around The Globe Interested In Doing Research Using CARMA 

Americas 
45% 

Europe 
37% 

APAC 
18% 

0% 5% 10% 15% 20% 25%

CAE

Mobile

Physics

Defense

Finance

Data Analytics

Image processing

3D/Graphics

Embedded

Computer Vision

Life Science

HPC/Computer Science



Summary 

Tegra  – a great platform for mobile visual computing 

OpenCV  – standard CV API optimized for Tegra 

FCam  – flexible camera control on Tegra dev board 

CUDA  – powerful image processing with Carma 
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