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Abstract

The computer vision based hand gesture interfaces have many advantages. They are non-
intrusive, do passive sensing, the hardware is commercially available at relatively lower cost
and the camera can be used for other tasks. However, they require application specific
algorithm development and deploying them is a challenge due to huge variation in operating
conditions such as lighting condition, backgrounds, user differences, camera performance.

The hand gesture recognition has been an active area of research for more than two decades.
The performance of the gesture recognition algorithms has improved significantly in the last
few years. However, most of these algorithms require huge computing and memory resources
and consume lot of power. These issues must be addressed for wider applications of the gesture
based interfaces. The primary objective of this work is to provide simple and cost-effective
solution for the hand posture recognition which is a sub-class of gesture recognition. This work
is motivated by the efforts to move the vision processing closer to the sensor. So, the main
focus is the implementation of the hand posture recognition algorithms.

Convolutional neural networks are the state of the art for the computer vision applications.
These are evolving quite fast and the latest CNN implementations have significantly reduced
the number of parameters and computational requirement while maintaining the detection
performance. We have finetuned one such network, i.e. SqueezeNet, for static hand pose
classification achieving 99.65% accuracy for ten classes. We have also explored the
implementation of this CNN and proposed a novel hardware implementation which doesn’t
require a frame buffer and simplifies the integration and system level design. This hardware
implementation has been synthesized for Xilinx vertex-7 FPGA.

To build the gesture recognition system, the CNN has to be integrated with the image
acquisition subsystem. The images are captured using CMOS sensors in Bayer color format
and an ISP is used to process these images for improving image quality. Using images in Bayer
format for the hand pose classification will reduce the ISP complexity; so, we have explored
CNN training using subsampled ‘Bayer’ color format. We have also proposed a novel method
of implementing ISP for reducing power consumption. With this implementation, the power
consumption can be reduced to 35-45%.

Typical applications, such as remote control for TV, have specific characteristics which can be
used to save power at system level. We have proposed two techniques in this work, i.e. two
stage detector and variable frame rate capture, for reducing the power consumption in such
application. These simple techniques reduce the power consumption significantly.
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Abbreviations

2D Two-Dimensional Space

3D Three-Dimensional Space

5DT Fifth Dimension Technologies

ANN Artificial Neural Network

AdaBoost Adaptive Boosting

ADC Analog to Digital Converter

AP Associative Processor

ARM Advanced RISC Machines

ASL American Sign Language

ASIC Application Specific Integrated Circuit
AWGN Additive White Gaussian Noise
CamShift Continuous Adaptive Mean Shift

CCD Charge Coupled Device

CMOS Complementary Metal Oxide Semiconductor
CNN Convolutional Neural Network

Conv Convolution

CPU Central Processing Unit

CUDA Compute Unified Device Architecture
DB Database

DCT Discrete Cosine Transform

DOF Degree of Freedom

DRAM Dynamic Random Access Memory
DSP Digital Signal Processor

DTW Dynamic Time Warping

FAST Feature from Accelerated Segment Test
FC Fully Connected (Layer)

FFT Fast Fourier Transform

FOV Field of View

FPGA Field Programmable Gate Array

FPS, fps Frames per second

FSM Finite State Machine

GB Giga Byte

GMM Gaussian Mixture Model

GDS Gesture Data Score

GHz Giga Hertz

GPU Graphics Processing Unit

HCI Human Computer Interface

HD High Definition (image/video resolution)
HDR High Dynamic Range

HMI Human Machine Interface

HMM Hidden Markov Model

HOG Histogram of Oriented Gradients

HIS Hue, Saturation, Intensity (color space)
HSV Hue, Saturation, Value (color space)
HW Hardware

I/F Interface

I/P Input

IC Integrated Circuit
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IP Intellectual Property

IR Infra-red

ISE Integrated Synthesis Environment (Xilinx EDA tool)

ISO International Organization for Standardization. In this document, I1SO level
represents the sensitivity of the image sensors in the context of capturing
images.

ISP Image Signal Processor

KB Kilo Byte

KNN K-Nearest Neighbors

LCD Liquid Crystal Display

LED Light Emitting Diode

LSC Lens Shading Correction

LUT Look Up Table

LVT Low V1 (Threshold Voltage)

M Million or Mega (10° or 2%)

MAC Multiply Accumulate

MaxPool Max Pooling (Layer)

MCU Microcontroller Unit

Mem Memory

MEMS Micro Electro Mechanical Sensor

MIPI Mobile Industry Processor Interface

MIPS Million Instructions per second

MIT Massachusetts Institute of Technology

NIOS Soft core for Altera FPGAs

No. Number

NRE Non-Recurring Engineering (cost)

NUS National University of Singapore

Op(s) Operation(s)

o/P Output

(ON) Operating System

Param Parameter

PC Personal Computer

PCA Principal Component Analysis

PE Processing Elements

Perf Performance

RAM Random Access Memory

RelLU Rectified Linear Unit

RGB Red, Green, Blue (color space)

SAD Sum of Absolute Differences

SDRAM Synchronous DRAM

SIFT Scale Invariant Feature Transform

SIMD Single Instruction, Multiple Data

SoC System on Chip

SOPC System on a Programmable Chip (Altera EDA tool)

SNR Signal to Noise Ratio

SRAM Static Random Access Memory

SSD Sum of Squared Differences

SVM Support Vector Machine

SW Software

TI Texas Instruments

TV Television
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VGA Video Graphics Array

VHDL VHSIC (very high speed IC) Hardware Description Language

VLIW Very Long Instruction Word (processor)

VPL Visual Programming Language

YCbCr, YUV Family of color spaces; Y is luma component and the other two are chroma
components.
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