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Introduction 

This document defines a generic, structured and extensible wrapping format for data (video, audio and data 
essence) storage in files, as well as various packing methods for video frames wrapped by this format. This is 
then mapped into a MXF container. Together these elements form the Avid DNxUncompressed format. The 
format is targeted at overcoming the limitations and pitfalls of administrating image sequences in production 
workflows.   

The wrapping format is KLV-based and targeted at byte-based processing and storing on standard computer 
infrastructure. Serial transmission as a bit-stream is not part of the design consideration. The primary goals are 
the ability to parse the essence structure with minimal coding investment and the ability to introduce new 
wrapped elements without breaking existing readers.   

The packing methods wrapped by the format either use simple binary packing methods or RLE-based 
compression for lossless storage of the video essence. Simple implementation, speed of access and 
processing on byte-based computer system is given priority over packing efficiency. All of the methods have 
been used in this or a similar form before for storage of individual image frames in computer files.  

DNxUncompressed is a picture-by-picture coding scheme where each picture is entirely independent and can 
be extracted as an independent entity. However, the coding units can be simply concatenated to form a 
sequence of compressed pictures. 

The mapping of the image wrapper to MXF overcomes the metadata gap encountered when working with 
image sequences, where consistency of image coding parameters across the sequence cannot be ensured, 
frames can be lost, information relevant for video processing but irrelevant for images is either not recorded or 
needs to be kept in separately with the inherent risk of loss or separation.  

This document maps the DNxUncompressed coding units as either frame-wrapped, where each 
DNxUncompressed frame is individually mapped into a single MXF Generic Container (GC) Picture Item, or clip-
wrapped, where a sequence of DNxUncompressed frames is mapped into a single MXF GC Picture Item. It also 
defines the KLV coding, the Essence Container and Compression Label values and the Essence Descriptor. 
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1 Scope 

This SMPTE Registered Disclosure Document (RDD) specifies a hierarchical packing method for essence data 
in general (Part 1), as well as a method for the lossless wrapping of image essence using this packing method 
in MXF files (Part 2). It specifies the mapping of DNxUncompressed Coding Units as a Picture Element that 
can be used in the Picture Item of the MXF GC. The Picture Element can contain either individual 
DNxUncompressed frames using frame-wrapping or a sequence of DNxUncompressed frames using clip-
wrapping. The MXF Constrained Generic Container (GC) is described in SMPTE ST 379-2. 

2 Conformance Notation 

Normative text is text that describes elements of the design that are indispensable or contains the conformance 
language keywords: "shall", "should", or "may". Informative text is text that is potentially helpful to the user, but 
not indispensable, and can be removed, changed, or added editorially without affecting interoperability. 
Informative text does not contain any conformance keywords.  

All text in this document is, by default, normative, except: the Introduction, any section explicitly labeled as 
"Informative" or individual paragraphs that start with "Note:”  

The keywords "shall" and "shall not" indicate requirements strictly to be followed in order to conform to the 
document and from which no deviation is permitted. 

The keywords, "should" and "should not" indicate that, among several possibilities, one is recommended as 
particularly suitable, without mentioning or excluding others; or that a certain course of action is preferred but 
not necessarily required; or that (in the negative form) a certain possibility or course of action is deprecated but 
not prohibited.  

The keywords "may" and "need not" indicate courses of action permissible within the limits of the document.  

The keyword “reserved” indicates a provision that is not defined at this time, shall not be used, and may be 
defined in the future. The keyword “forbidden” indicates “reserved” and in addition indicates that the provision 
will never be defined in the future. 

A conformant implementation according to this document is one that includes all mandatory provisions ("shall") 
and, if implemented, all recommended provisions ("should") as described. A conformant implementation need 
not implement optional provisions ("may") and need not implement them as described. 

3 References 

SMPTE ST 377-1:2011, Material Exchange Format (MXF) – File Format Specification 

SMPTE ST 377-1:2011 Am1:2012, Material Exchange Format (MXF) – File Format Specification – 
Amendment 1 

SMPTE ST 377-1:2011 Am2:2012, Material Exchange Format (MXF) – File Format Specification – 
Amendment 2 

SMPTE ST 379-2:2010, Material Exchange Format (MXF) – MXF Constrained Generic Container 

SMPTE ST 400:2012, SMPTE Labels Structure 
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IEEE Std 754-2008: IEEE standard for floating point arithmetic 

4 Terms and Definitions 

For the purposes of this document, the following terms and definitions apply. 
 

4.1 box 

byte-aligned KLV structure consisting of a fourcc Key, a 32-bit Length and a variable length Value payload 

4.2 byte 

sequence of 8 bits.  

4.3 float16 

16-bit (short) floating point, IEEE 754.compliant storage 

4.4 float32 

32-bit floating point, IEEE 754.compliant storage 

4.5 fourcc 

32-bit value formed from a sequence of four 8-bit values (aka characters; usually in ASCII coding, but 
not necessarily), stored in occurrence order: A fourcc 'abcd' would be stored as a sequence fourcc[4] = {'a', 'b', 
'c', 'd'}, with 'a' residing at the lowest logical memory address. Non-printable characters (e.g. blank ' ' = 20h) are 
specified by providing their 2 character hexadecimal value, pre-pended by a '$', e.g. 'xml$20'.  

4.6 Gbps 

gigabits per second. The prefix giga (symbol G) is defined in the International System of Units (SI) as a 
multiplier of 109 (1 billion), and therefore 1 gigabit = 109 bits = 1000000000 bits. 

4.7 RGB 

signal storage format using interleaved R, G and B components (see also YCBCR). Individual components 
(non-interleaved) can be stored using planar signal formats. The specifics of the component coding are 
described in the Picture Essence Descriptors of the MXF container. 

4.8 sizeof(op) 

stored size, in bytes, of the operand op.  

4.9 S2.14 

16-bit signed fixed-point format, allowing 14 bits fractional precision and covering the range [-2,2[. A S2.14 
value is stored as a signed 16-bit integer value 𝑣𝑣 which is mapped to a float value 𝑓𝑓 as 𝑓𝑓 = ((float)𝑣𝑣)/16384. 

4.10 uint8 

unsigned 8- bit integer 
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4.11 uint10 

unsigned 10-bit integer 

4.12 uint12 

unsigned 12-bit integer 

4.13 uint16 

unsigned 16-bit integer 

4.14 uint16be 

unsigned 16-bit integer, big-endian 

4.15 uint32be 

unsigned 32-bit integer,  big-endian 

4.16 uint64be 

unsigned 64-bit integer, big-endian 

4.17 uint16le 

unsigned 16-bit integer, little-endian 

4.18 uint32le 

unsigned 32-bit integer, little-endian 

4.19 uint64le 

unsigned 64-bit integer, little-endian 

4.20 YCBCR 

signal format using an interleaved color difference format (see also RGB). Individual components (non-
interleaved) can be stored using planar signal formats. The specifics of the component coding are described in 
the Picture Essence Descriptors of the MXF container.  

4.21 ’10.6’ 

16-bit format storing unsigned 10 bit signal data in the 10 MSBs of the 16-bit value and (optionally) allowing 6 
bits for fractional precision. The valid range of values is [0.0, 1023.0], excluding the last 33 values of the 16-bit 
range (FFC1h-FFFFh). Data are treated and marked as 10 bit. 

4.22 ‘12.4’  

16-bit format storing unsigned 12 bit signal data in the 12 MSBs of the 16-bit value and (optionally) allowing 4 
bits for fractional precision. The valid range of values is [0.0, 4095.0], excluding the last 15 values of the 16-bit 
range (FFF1h-FFFFh). Data are treated and marked as 12 bit. 
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Part 1 – The DNxPacked byte-stream format 

5 Packing 

The packing format used by DNxUncompressed is a generic byte-stream which consists of KLV box objects. 
To define these objects this document uses a C++-like pseudo-code notation similar to the ISO base media file 
format (ISO 14496-12). Elements shall be stored in the order they are defined, byte aligned and close-packed. 
Derivation implies that all information present in the base class is also present in the derived class, and that, in 
the bitstream, all such information precedes any additional bitstream syntax declarations specified in the 
derived class. This generic format is referred to as ‘DNxPacked’ hereafter.  

This document defines the packing types applicable to DNxUncompressed within the DNxPacked structure 
(see section 5.4).  

A box shall consist of a Key-Length box_header and a variable-sized payload. The box_header shall be 
defined as  

box_header(fourcc type) 
{ 
  uint32le  box_size; 
  fourcc    box_type = type;  
}; 

The box_size shall define the outside size of the box, including the header and the payload. The size of a 
box shall be equal or greater than 8 bytes.  

The box_type shall define the type of the box and how its payload shall be interpreted.  

A box object shall be constructed as  

box(type, payload): box_header( type )  
{ 
  payload_type box_payload  = payload; 

    box_header.box_size   = 8+sizeof(box_payload);  
                                 // 8: sizeof(box_header)  
  }; 

The payload shall either be a closely-packed list of 1 to N boxes or directly interpretable fields, but not a 
mixture of both. A decoder/parser processing a box containing other boxes shall skip any unknown box type 
and continue processing. To allow future versions of this document to extend the definition of a box without the 
need to introduce reserved fields, a decoder shall always read the full stored box_size and ignore any extra 
bytes exceeding the size of the payload defined in this document.  

5.1  ‘pack’ 

pack_box: box_header(‘pack’)  
{  
  box  box_list[]; 
  box_header.box_size = 8+sum_of(box_list[i].box_size); 
};  
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Each essence unit shall be wrapped into a single pack_box of type ‘pack’, which shall contain a list of other 
boxes further describing the essence coding. Essence types shall not be mixed within one pack_box.  

The pack_box shall form the coding unit used by the MXF mapping definition. 

5.2 ‘fill’ 

fill_box(fillerSize): box_header(‘fill’)  
{  
  uint8 filler[fillerSize]; 
  boxheader.box_size = 8+ fillerSize; 
};  

Fill boxes shall be skipped during parsing. The payload is undefined and shall not be interpreted. Fill boxes 
can be used, at the encoders discretion, to align following boxes to specific boundaries.  

5.3 Image essence  

If the pack_box contains image essence it shall contain minimum one signal_data_box ‘sdat’, containing 
the packed image data, and one signal_info_box ‘sinf’, describing said image data, as follows: 

Each ‘sinf’/’sdat’ pair shall be packed into a img_component_box ‘icmp’. If only a single pair is present the 
img_component_box may be dropped.   

 
Figure 1 - Packed image essence 
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5.3.1 ‘sinf’ 

signal_info_box(width, height,layout,type): box_header(‘sinf’) 
{ 
  uint32le  frame_width = width; 
  uint32le  frame_height= height; 
  fourcc    packed_type = type; 
  uint8     frame_layout= layout; 
 
  box_header.box_size = 21; 
}; 

The frame_width and frame_height shall describe the sampled region of the coded image. Images shall 
be stored left-to-right, top-to-bottom. The packed_type may define further constraints.  
 
The frame_layout shall be 0 for progressive frames (full frame) and 1 for interlaced frames (mixed fields). 
See SMPTE ST 377-1, Annex G.2.1 for a definition of these layouts.  
 
The packed_type, as applicable to DNxUncompressed, is a fourcc profile label from Table 1 or Table 2. 
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