
ECE462 – Lecture 13
JPEG Hierarchical Mode



JPEG Hierarchical Mode

• An image is broken down into a number of sub-images called 
“frames”.

• A frame is a collection of one or more scans. 

• The first frame creates a low resolution version of the image. 

• The remaining frames refine the image by increasing the resolution. 

• High complexity and larger amount of data to be transmitted. 

• Not in general use. 



JPEG Hierarchical Mode



JPEG Progressive Mode

• The image is encoded in successive multiple scans and decoded 
progressively (quality increases as more and more high frequency content 
is added in decoded image)

• Spectral selection example
• Encode DC and first AC coefficients 
• Encode a few more AC coefficients
• More AC coefficients etc.

• Progressive mode is suitable when processing 

is faster than the transmission speed of image.

• Rarely used in practice. 

• Image files of same size as in sequential JPEG.



JPEG Progressive Mode



Lossless JPEG-LS

• It utilizes spatial prediction and context recognition to compress more 
effectively an image. 

• However, compression ratios achieved much lower than regular JPEG. 

• Interest for applications remains to be seen. 



The Karhunen-Loeve Transform (KLT)

Given a vector 𝑋 = 𝑋0, 𝑋1, 𝑋2, … , 𝑋𝑁−1
𝑇: 𝑁 × 1

1. Calculate the autocovariance matrix 
𝐶𝑥 = 𝐸 𝑋𝑋𝑇 − 𝐸 𝑋 𝐸 𝑋𝑇

2. Find the eigenvalues ℶ0, ℶ1, … , ℶ𝑁−1 and the eigenvectors 
𝑢0, 𝑢1, … , 𝑢𝑁−1 of 𝐶𝑥.

Then the KLT is Y = FX

Where F = [𝑢0, 𝑢1, … , 𝑢𝑁−1]



Important properties of KLT

• 𝐹𝐹𝑇 = 𝐼 i.e., orthonormal.

• The KLT is the optimum decorrelation transform. 












