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Scope and Field of Application 1 

This supplement introduces Volumetric Rendering web services to enable Volume Rendering (VR), 2 
Maximum Intensity Projection (MIP), and Multiplanar Planar Rendering (MPR) without having to specify 3 
numerous and complex parameters.  4 

Web services enable a user agent to initiate server-side 3D volumetric rendering by specifying Query 5 
Parameters or a Volumetric Presentation State. The Resources introduced in this Supplement derive 6 
Query Parameters from Volumetric Presentation State attributes while maintaining alignment with current 7 
DICOMweb Studies Rendered Resources. 8 

Modifications to PS3.2 9 

Modify PS3.2 Section N.1.3.2 Studies Service as follows: 10 

N.1.3.2 Studies Service 11 

Table N.1-9 lists details on the support of the Studies Service. 12 

[Complete Table N.1-9 to indicate support for the Studies Web Service]  13 

Table N.1-9. Study Service 14 

Service Transaction Resource User Agent Origin Server 
Studies Web Service Retrieve Capabilities 

   

Retrieve (WADO-RS)  Study 
  

Study Metadata 
  

Study Bulkdata  
  

Study Pixel Data  
  

Rendered Study 
  

Rendered MPR Volume Study   
Rendered 3D Volume Study   
Study Thumbnail  

  

Series 
  

Series Metadata 
  

Series Bulkdata  
  

Series Pixel Data  
  

Rendered Series 
  

Rendered MPR Volume Series   
Rendered 3D Volume Series   
Series Thumbnail  

  

Instance 
  

Instance Metadata 
  

Instance Bulkdata 
  

Instance Pixel Data  
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Rendered Instance 
  

Rendered MPR Volume Instance   
Rendered 3D Volume Instance   
Instance Thumbnail  

  

Frames 
  

Rendered Frames 
  

Rendered MPR Volume Frames   
Rendered 3D Volume Frames   
Frame Thumbnail  

  

Bulkdata 
  

… 

[If your Origin Server supports any Rendered MPR Volume Resources or Rendered 3D Volume 15 
Resources, indicate supported SOP Classes in the “Process” column of Table N.1-1.] 16 

Add Volumetric Rendering Resources to PS3.2 Table N.5-72 as follows:  17 
Editorial note: this incorporates changes from cp2366. 18 

Table N.5-72. Resources Retrieve Transaction - User Agent 19 

Resource Comments 
DICOM Instance Resources - See Resources path in Table 10.4.1-1 in PS3.18  
Study Instances  

 

Series Instances  
 

Individual Instance  
 

DICOM Metadata Resources - See Resources path in Table 10.4.1-2 in PS3.18  
Study Metadata  

 

Series Metadata  
 

Instance Metadata  
 

DICOM Bulkdata Resources - See Resources path in Table 10.4.1.5-1 in PS3.18  
Study Bulkdata  

 

Series Bulkdata  
 

Instance Bulkdata  
 

Bulkdata  
 

DICOM Pixel Data Resources - See Resources path in Table 10.4.1.6-1 in PS3.18  
Study Pixel Data  

 

Series Pixel Data  
 

Instance Pixel Data  
 

Frame Pixel Data  
 

Rendered Resources - See Resources path in Table 10.4.1-3 in PS3.18  
Rendered Study   

 

Rendered Series  
 

Rendered Instance  
 

Rendered Frame  
 

Rendered MPR Volume Resources - See Resources path in Table 10.4.1.7-1 in PS3.18   
Rendered MPR Volume Study   
Rendered MPR Volume Series   
Rendered MPR Volume Instance   
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Rendered MPR Volume Frames   
Rendered 3D Volume Resources - See Resources path in Table 10.4.1.8-1 in PS3.18   
Rendered 3D Volume Study   
Rendered 3D Volume Series   
Rendered 3D Volume Instance   
Rendered 3D Volume Frames   
Thumbnail Resources - See Resources path in Table 10.4.1-4 in PS3.18  
Study Thumbnail  

 

Series Thumbnail  
 

Instance Thumbnail  
 

Frame Thumbnail  
 

Add Volumetric Rendering Query Parameters to PS3.2 Table N.5-73 as follows: 20 

Note to editor: span columns for Rendered Resource and Thumbnail Resource 21 

Table N.5-73. Query Parameters for Retrieve Transaction - User Agent 22 

Query Parameter Supported Values Comments 
Accept  [See examples in header parameters.]  

 

Rendered Resource 
annotation  <<patient 

technique>> 

 

charset  <<UTF-8  

ISO -8859-1  

…>>  

 

quality  
  

viewport  
  

window  
  

iccprofile  <<no 

yes 

srgb 

adobergb 

rommrgb>> 

 

Rendered MPR Volume Resources 
volumeinputreference   
match Attribute Values to address the search 

(matching key). See the supported 
DICOM Attribute in the Table N.5-84 

 

renderingmethod <<volume_rendered 

maximum_ip 
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minimum_ip 

average_ip>> 

orientation   
viewpointposition   
viewpointlookat   
viewpointup   
mprslab   
volumetriccurvepoint   
animationstepsize   
animationrate   
renderedvolumetricmetadata   
Rendered 3D Volume Resources 
volumeinputreference   
match Attribute Values to address the search 

(matching key). See the supported 
DICOM Attribute in the Table N.5-84 

 

renderingmethod <<volume_rendered 

maximum_ip 

minimum_ip 

average_ip>> 

 

orientation   
viewpointposition   
viewpointlookat   
viewpointup   
swivelrange   
animationstepsize   
animationrate   
renderedvolumetricmetadata   
Thumbnail Resource  
charset  <<UTF-8 

ISO-8859-1 

…>> 

 

viewport  
  

Add Volumetric Rendering Header Fields to PS3.2 Table N.5-74 as follows: 23 

Table N.5-74. Header Fields for Retrieve Transaction - User Agent 24 

Header 
Field 

Supported Values Comments 

…  
Rendered MPR Volume Resources 
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Accept <<image/jpeg 

image/gif 

image/png 

image/jp2  

image/jph 

image/jphc 

image/jxl 

video/mpeg  

video/mp4  

video/H265 

multipart/related; type="application/dicom+xml" 

multipart/related; type="application/dicom+json">> 

See details in 
Section N.5.3.2.1.3. 

Rendered 3D Volume Resources 
Accept <<image/jpeg 

image/gif 

image/png 

image/jp2  

image/jph 

image/jphc 

image/jxl 

video/mpeg  

video/mp4  

video/H265 

multipart/related; type="application/dicom+xml" 

multipart/related; type="application/dicom+json">> 

See details in 
Section N.5.3.2.1.3. 

Thumbnail Resource  
… 
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Add Volumetric Rendering Header Fields to PS3.2 Table N.5-74 as follows:  25 

Editorial note: this incorporates changes from cp2366 26 

Table N.5-75. Resources Retrieve Transaction - Origin Server 27 

Resource Comments 
DICOM Instance Resources - See Resources path in Table 10.4.1-1 in PS3.18  
Study Instances  

 

Series Instances  
 

Individual Instance  
 

DICOM Metadata Resources - See Resources path in Table 10.4.1-2 in PS3.18  
Study Metadata  

 

Series Metadata  
 

Instance Metadata  
 

DICOM Bulkdata Resources - See Resources path in Table 10.4.1.5-1 in PS3.18  
Study Bulkdata  

 

Series Bulkdata  
 

Instance Bulkdata  
 

Bulkdata  
 

DICOM Pixel Data Resources - See Resources path in Table 10.4.1.6-1 in PS3.18  
Study Pixel Data  

 

Series Pixel Data  
 

Instance Pixel Data  
 

Frame Pixel Data  
 

Rendered Resources - See Resources path in Table 10.4.1-3 in PS3.18  
Rendered Study  

 

Rendered Series  
 

Rendered Instance  
 

Rendered Frame  
 

Rendered MPR Volume Resources - See Resources path in Table 10.4.1.7-1 in PS3.18   
Rendered MPR Volume Study   
Rendered MPR Volume Series   
Rendered MPR Volume Instance   
Rendered MPR Volume Frames   
Rendered 3D Volume Resources - See Resources path in Table 10.4.1.8-1 in PS3.18   
Rendered 3D Volume Study   
Rendered 3D Volume Series   
Rendered 3D Volume Instance   
Rendered 3D Volume Frames   
Thumbnail Resources - See Resources path in Table 10.4.1-4 in PS3.18  
Study Thumbnail  

 

Series Thumbnail  
 

Instance Thumbnail  
 

Frame Thumbnail  
 

Add Volumetric Rendering Query Parameters to PS3.2 Table N.5-76 as follows: 28 

Note to editor: span rows for Rendered Resource and Thumbnail Resource 29 
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Table N.5-76. Query Parameters for Retrieve Transaction - Origin Server  30 

Query Parameter Supported Values Comments 
Accept [Supported Values are the same as for the 

Accept Header Field.]  

 

Rendered rResource  
annotation <<patient 

technique>> 

[Add additionally supported key word 
Values here.]  

 

charset <<UTF-8 

ISO-8859-1 

…>> 

 

Qquality 
  

Vviewport 
  

Wwindow 
  

iccprofile  <<no 

yes 

srgb 

adobergb 

rommrgb>> 

 

Rendered MPR Volume Resources  
volumeinputreference   
match Attribute Values to address the search 

(matching key). See the supported 
DICOM Attribute in the Table N.5-84 

 

renderingmethod <<volume_rendered 

maximum_ip 

minimum_ip 

average_ip>> 

 

orientation   
viewpointposition   
viewpointlookat   
viewpointup   
mprslab   
volumetriccurvepoint   
animationstepsize   
animationrate   
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renderedvolumetricmetadata   
Rendered 3D Volume Resources  
volumeinputreference   
match Attribute Values to address the search 

(matching key). See the supported 
DICOM Attribute in the Table N.5-84 

 

renderingmethod <<volume_rendered 

maximum_ip 

minimum_ip 

average_ip>> 

 

orientation   
viewpointposition   
viewpointlookat   
viewpointup   
swivelrange   
animationstepsize   
animationrate   
renderedvolumetricmetadata   
Thumbnail resource  
charset  <<UTF-8 

ISO-8859-1 

…>> 

 

Vviewport  
  

Add Volumetric Rendering Header Fields to PS3.2 Table N.5-77 as follows:  31 

Table N.5-77. Header Fields for Retrieve Transaction - Origin Server 32 

Header 
Field 

Supported Values Comments 

…  
Rendered MPR Volume Resources 
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Accept <<image/jpeg 

image/gif 

image/png 

image/jp2  

image/jph 

image/jphc 

image/jxl 

video/mpeg  

video/mp4  

video/H265 

multipart/related; type="application/dicom+xml" 

multipart/related; type="application/dicom+json">> 

See details in 
Section N.5.3.2.1.3. 

Rendered MPR Volume Resources 
Accept <<image/jpeg 

image/gif 

image/png 

image/jp2  

image/jph 

image/jphc 

image/jxl 

video/mpeg  

video/mp4  

video/H265 

multipart/related; type="application/dicom+xml" 

multipart/related; type="application/dicom+json">> 

See details in 
Section N.5.3.2.1.3. 

Thumbnail Resource  
… 
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Modifications to PS3.18 33 

Add the following Section after Section 8.3.5.2: 34 

8.3.5.3 Query Parameters for Rendered MPR Volume Resources and Rendered 3D Volume 35 
Resources  36 

Query parameters defined in this section control the creation of new 3D or MPR images based on Volume 37 
Data resampled from the Target Resource. 38 

The following rules pertain to all parameters defined in this section: 39 

1. All parameters are optional for the user agent. 40 
2. Not all parameters are required to be supported by the origin server. 41 
3. These parameters only apply to resources that are images.  42 

The set of transformations specified by the parameters in this section shall be applied to the images as if 43 
the parameters were a Volumetric Presentation State, that is, in the order specified by the applicable 44 
image rendering pipeline specified in Section FF.2 of PS3.4. 45 

Table 8.3.5-3 shows the Query Parameters that may be used when requesting a Rendered Volume 46 
Representation.  47 

Table 8.3.5-3. Retrieve Rendered Volume Query Parameters 48 

Key Values Target Resource Category Section 
volumeinputreference uid or frame Image (single or multi-frame) 8.3.5.3.1 
match ; See attribute 

matching rules in 
Section 8.3.4.1 

Image (single or multi-frame) 8.3.5.3.2 

renderingmethod "volume_rendered", 
"maximum_ip" , 
"minimum_ip" or 
"average_ip" 

Image (single or multi-frame)  8.3.5.3.3 

orientation "a", "p", "r", "l", 
"h" or "f" 

Image (single or multi-frame) or 
Volumetric Presentation States  

8.3.5.3.4 

viewpointposition px , py , pz Image (single or multi-frame) or 
Volumetric Presentation States 

8.3.5.3.5 

viewpointlookat lx , ly , lz Image (single or multi-frame) or 
Volumetric Presentation States 

8.3.5.3.6 

viewpointup ux , uy , uz Image (single or multi-frame) or 
Volumetric Presentation States 

8.3.5.3.7 

mprslab st Image (single or multi-frame) 8.3.5.3.8 
swivelrange sr Image (single or multi-frame) 8.3.5.3.9 
volumetriccurvepoint px , py , pz Image (single or multi-frame) 8.3.5.3.10 
animationstepsize ss Image (single or multi-frame) 8.3.5.3.11 
animationrate rt Image (single or multi-frame)  8.3.5.3.12 
renderedvolumetricmetadata "yes" Image (single or multi-frame) 8.3.5.3.13 

Rendered MPR Volume Resources and Rendered 3D Volume Resources have two mutually exclusive 49 
options to determine the initial orientation of the resampled Volume Data: 50 
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1. The “orientation” parameter establishes the standard anatomic position of the patient as viewed 51 
by the camera, and 52 

2. camera orientation parameters (“viewpointposition”, “viewpointlookat”, or “viewpointup”) establish 53 
the camera position and direction as it views the patient.  54 

When incorporating animation parameters, the initial frame is established by orientation parameters. The 55 
parameters “swivelrange”, "volumetriccurvepoint" and “animationstepsize” dictate subsequent frames. 56 
When animating multiple sets of temporally related, spatially co-located Volume Data (such as a 57 
multiphase acquisition), the origin server determines the initial frame’s displayed phase. 58 

There is no parameter to control the type of projection used during rendering. The origin server shall use 59 
Orthographic projection for Rendered 3D Volume Resources. See Section C.11.30.1 in PS3.3. 60 

There is no parameter to explicitly control Render Field of View, MPR View Height or MPR View Width  61 
(see Sections C.11.30 and C.11.26 in PS3.3). The “viewport” parameter can be used to scale the 62 
returned media. See Section 8.3.5.1.3.  63 

8.3.5.3.1 Volume Input Reference 64 

The “volumeinputreference” parameter identifies the Instance, or Frame within an Instance, from which 65 
the origin server shall extract characteristics and identify additional Instances or Frames in the Target 66 
Resource with the same values for those characteristics. The user agent uses this parameter to identify a 67 
desired subset when the Target Resource is a superset of the intended Volume Data. The origin server 68 
shall identify a subset that conforms to the Volume Input Requirements for Rendered MPR Volume 69 
Resources and Rendered 3D Volume Resources (see PS3.3, Section C.11.23.1).  70 

The syntax of this parameter for a multi-frame image is: 71 

%s" volumeinputreference =" uid "," frame 72 

Otherwise, it is: 73 

%s" volumeinputreference =" uid  74 

Where 75 

uid Is the Unique Identifier of the Volume Input Reference SOP Instance when the Target 
Resource is a series or study. 

frame Is the frame number within an Image Instance when the Volume Input Reference is 
an Enhanced IOD Image Instance. 

Note 76 
 uid corresponds to Referenced SOP Instance UID (0008,1155) and frame corresponds to Referenced 77 

Frame Number (0008,1160) See Section 10.3 in PS3.3. 78 

The origin server shall create Volume Data from instances or frames having characteristics identical to 79 
the Volume Input Reference based on implementation-specific logic. 80 

The origin server shall return a 400 (Bad Request), and may include an appropriate Status Report, if any 81 
of the following are true: 82 

• the Target Resource is a Presentation State,  83 
• valid Volume Data is not found based on the Volume Input Reference,  84 
• the UID is not found in the Target Resource,  85 
• the frame is not found in the Target Resource,  86 
• a Match Attribute/Value pair is present in another parameter in the request. 87 
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8.3.5.3.2 Match  88 

The “match” parameter specifies common DICOM Attribute/Value pair characteristics of the Volume Data.  89 

When the user agent identifies a Target Resource that is a superset of the intended Volume Data, it may 90 
identify Attribute/Value pairs that specify matching criteria to identify specific Instances or Frames in the 91 
Target Resource to resample as Volume Data. The resulting subset shall conform to the Volume Input 92 
Requirements for Rendered MPR Volume Resources and Rendered 3D Volume Resources (see PS3.3, 93 
Section C.11.23.1).  94 

See Section 8.3.4.1 for the syntax of this parameter. 95 

The user agent may include the following Attributes in the parameter: 96 

• Instance IE Attributes  97 
• Private Data Element Tags and their corresponding Private Creator Element Tags 98 

The origin server shall reconstruct Volume Data meeting the Volume Input Criteria.  99 

The origin server shall return a 400 (Bad Request), and may include an appropriate Status Report, if any 100 
of the following are true: 101 

• the Target Resource is a Volumetric Presentation State,  102 
• valid Volume Data is not found based on the Attribute/Value pair, 103 
• the “volumeinputreference” parameter is also present. 104 

8.3.5.3.3 Rendering Method  105 

The "renderingmethod" parameter specifies the display algorithm to be applied to the Volume Data. 106 

The syntax of this parameter is: 107 

%s"renderingmethod=" 1#( %s"volume_rendered" / %s"maximum_ip" / %s"minimum_ip" / 108 
%s"average_ip" ) 109 

Where 110 

volume_rendered A method where each XY pixel of the rendered view is determined by accumulating 
the set of non-transparent voxel samples along a ray. 

maximum_ip A method that projects the interpolated sample with maximum intensity that falls in 
the path of each ray traced from the viewpoint to the plane of projection. 

minimum_ip A method that projects the interpolated sample with minimum intensity that falls in the 
path of each ray traced from the viewpoint to the plane of projection. 

average_ip A method that projects the mean intensity of all interpolated samples that fall in the 
path of each ray traced from the viewpoint to the plane of projection. 

Notes 111 
1. These values correspond to the differently capitalized values of Rendering Method (0070,120D). See 112 

Sections C.11.23 and C.11.30 in PS3.3.  113 
2. There is no parameter to control the type of projection used during rendering. Rendered 3D Volume 114 

Resources use Orthographic projection. See Figure C.11.30-1 in PS3.3.  115 
3. For Rendered MPR Volume Resources, this parameter describes the display algorithm to apply when 116 

the slab thickness is greater than one voxel. This parameter value is typically average_ip. 117 
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If "renderingmethod" is not present, the origin server may apply a default rendering method, based on the 118 
resource, or alternatively, return 400 (Bad Request) and may include an appropriate Status Report. 119 

If the Target Resource is a Volumetric Presentation State, the origin server shall return a 400 (Bad 120 
Request) and may include an appropriate Status Report. 121 

8.3.5.3.4 Orientation  122 

The "orientation" parameter specifies the patient’s orientation as seen by the camera for the current 3D or 123 
MPR Volumetric Presentation View.  124 

The syntax of this parameter is: 125 

%s"orientation =" 1#( %s"a" / %s"p" / %s"r" / %s"l" / %s"h" / %s"f" ) 126 

Where 127 

a The camera is viewing the patient’s anterior: 
• Viewpoint Position (0070,1603) is anterior to the patient. 
• Viewpoint LookAt Point (0070,1604) is from the patient’s anterior towards the patient’s 

posterior. 
• Viewpoint Up Direction (0070,1605) is towards the patient’s superior. 

p The camera is viewing the patient’s posterior: 
• Viewpoint Position (0070,1603) is posterior to the patient. 
• Viewpoint LookAt Point (0070,1604) is from the patient’s posterior towards the patient’s 

anterior. 
• Viewpoint Up Direction (0070,1605) is towards the patient’s superior. 

r The camera is viewing the patient’s right side:  
• Viewpoint Position (0070,1603) is to the patient’s right. 
• Viewpoint LookAt Point (0070,1604) is from the patient’s right towards the patient’s left.  
• Viewpoint Up Direction (0070,1605) is towards the patient’s superior. 

l The camera is viewing the patient’s left side:  
• Viewpoint Position (0070,1603) is to the patient’s left.  
• Viewpoint LookAt Point (0070,1604) is from the patient’s left towards the patient’s right. 
• Viewpoint Up Direction (0070,1605) is towards the patient’s superior. 

h The camera is viewing the patient’s head (i.e., from above): 
• Viewpoint Position (0070,1603) is superior to the patient. 
• Viewpoint LookAt Point (0070,1604) is from the patient’s superior towards the patient’s inferior. 
• Viewpoint Up Direction (0070,1605) is towards the patient’s anterior. 

f The camera is viewing the patient’s feet (i.e., from below):  
• Viewpoint Position (0070,1603) is inferior to the patient. 
• Viewpoint LookAt Point (0070,1604) is from the patient’s inferior towards the patient’s superior. 
• Viewpoint Up Direction (0070,1605) is towards the patient’s anterior. 

Note 128 
 These values correspond to the differently capitalized values of the Patient Orientation (0020,0020) and 129 

Image Orientation (Patient) (0020,0037). See Section C.7.6.1.1.1 in PS3.3 and Section A in PS3.17.  130 

If the Target Resource is a Volumetric Rendering Presentation State and any orientation Query 131 
Parameters are present, the origin server shall apply the query parameter(s) instead of the geometry 132 
attributes in the Multi-Planar Reconstruction Geometry Module, or the Volume Render Geometry Module.  133 
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Note 134 
 This is intended to allow the user to adjust orientation after viewing the initial orientation defined in the 135 

Volumetric Presentation State. 136 

Orientation is used to select the desired standard anatomic position of the rendered volume. For example, 137 
"a" specifies the direction of the rendered volume that most closely aligns with the patient’s anterior plane. 138 
Viewing angles beyond the standard orthogonal anatomic positions are controlled by camera orientation 139 
parameters (i.e., “viewpointposition”, “viewpointlookat”, or “viewpointup”).  140 

The origin server shall determine a Viewpoint Position (0070,1603), a Viewpoint LookAt Point 141 
(0070,1604) and a Viewpoint Up Direction (0070,1605) based on the value of the “orientation” parameter. 142 

If both the “orientation” parameter and any of the camera orientation parameters are present, the origin 143 
server shall return a 400 (Bad Request) and may include an appropriate Status Report. 144 

8.3.5.3.5 Viewpoint Position 145 

The "viewpointposition" parameter specifies the position of the camera in the Viewpoint Coordinate 146 
System (VCS). See Section C.11.30.1 in PS3.3. 147 

The syntax of this parameter is: 148 

%s"viewpointposition =" px "," py "," pz 149 

Where 150 

px, py and pz Position of the viewpoint in volume space. A point (x,y,z) in the VCS. 

Note 151 
 This corresponds to the Viewpoint Position (0070,1603) attribute. See Section C.11.30 in PS3.3. 152 

If the Target Resource is a Volumetric Presentation State and any orientation Query Parameters are 153 
present, the origin server shall apply the query parameter(s) instead of the geometry attributes in the 154 
Multi-Planar Reconstruction Geometry Module, or the Volume Render Geometry Module.  155 

Any or all of the camera orientation parameters may be included. If any of the camera orientation Query 156 
Parameters are absent, the origin server may apply a default value (e.g., 157 

• set “viewpointposition” to the patient’s anterior, 158 
• set “viewpointlookat” to the center of volume,  159 
• set  “viewpointup” to the patient’s superior), 160 

or return a 400 (Bad Request) and may include an appropriate Status Report. 161 

8.3.5.3.6 Viewpoint LookAt 162 

The "viewpointlookat" parameter specifies the point that the camera is looking at within the Viewpoint 163 
Coordinate System (VCS). See Section C.11.30.1 in PS3.3. 164 

The syntax of this parameter is: 165 

%s"viewpointlookat =" lx "," ly "," lz 166 
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Where 167 

lx, ly and lz Viewpoint LookAt point (i.e., the point that the camera is looking at). A point (x,y,z) in 
the VCS. 

Note 168 
 This corresponds to the Viewpoint LookAt Point (0070,1604) attribute. See Section C.11.30 in PS3.3. 169 

If the Target Resource is a Volumetric Presentation State and any orientation Query Parameters are 170 
present, the origin server shall apply the query parameter(s) instead of the geometry attributes in the 171 
Multi-Planar Reconstruction Geometry Module, or the Volume Render Geometry Module.  172 

8.3.5.3.7 Viewpoint Up 173 

The "viewpointup" parameter specifies the vertical orientation of the camera within the Viewpoint 174 
Coordinate System (VCS). See Section C.11.30.1 in PS3.3. 175 

The syntax of this parameter is: 176 

%s"viewpointup =" ux "," uy "," uz 177 

Where 178 

ux, uy and uz Viewpoint up direction (i.e., the direction that the top of the camera is pointing to). A 
vector (x,y,z) in the VCS. 

Note 179 
 This corresponds to the Viewpoint Up Direction (0070,1605) attribute. See Section C.11.30 in PS3.3. 180 

If the Target Resource is a Volumetric Presentation State and any orientation Query Parameters are 181 
present, the origin server shall apply the query parameter(s) instead of the geometry attributes in the 182 
Multi-Planar Reconstruction Geometry Module, or the Volume Render Geometry Module.  183 

8.3.5.3.8 MPR Slab Thickness 184 

The "mprslab" parameter specifies the thickness of the MPR plane. This parameter results in an 185 
orthographic rendering with a defined thickness using the method defined by "renderingmethod". See 186 
PS3.3 Section C.11.26.1.1 for more information. 187 

The syntax of this parameter for a Rendered MPR Volume is: 188 

%s"mprslab =" st 189 

Where 190 

st Thickness of the Multi-Planar Reconstruction slab as a value greater than zero, in mm. 

Notes 191 
1. This corresponds to the MPR Slab Thickness (0070,1503) attribute. See Section C.11.26 in PS3.3. 192 
2. The slab thickness of the returned media might not match the requested thickness due to the voxel size 193 

of the Target Resource. 194 

If "renderingmethod" is not present, the origin server may apply a default rendering method, based on the 195 
resource and/or slab thickness, or alternatively, return 400 (Bad Request) and may include an appropriate 196 
Status Report. 197 



 Supplement 228: Web Services for Volumetric Rendering 
 Page 19 

If the Target Resource is a Volumetric Presentation State, the origin server shall return a 400 (Bad 198 
Request) and may include an appropriate Status Report. 199 

8.3.5.3.9 Swivel Range 200 

The "swivelrange" parameter specifies the angular range over which a rendered volume rotates around 201 
the swivel axis, which is defined as the axis parallel to the “viewpointup“ intersecting the 202 
“viewpointlookat”. The rendered volume rotates back and forth.   203 

The syntax of this parameter is: 204 

%s"swivelrange =" sr  205 

Where 206 

sr Range in which a volume rotates back-and-forth around the swivel axis, in degrees. 

Note 207 
 This corresponds to the differently capitalized SWIVEL value of Presentation Animation Style 208 

(0070,1A01) and Swivel Range (0070,1A06). See Section C.11.29 in PS3.3 and Section FF.2.4.2 in 209 
PS3.4. 210 

The origin server shall create an animation with a number of frames equal to Swivel Range divided by the 211 
"animationstepsize". 212 

If the “swivelrange” parameter is present and the “animationrate” parameter is not present, the origin 213 
server shall determine the animation rate.  214 

If the Target Resource is a Volumetric Presentation State, the origin server shall return a 400 (Bad 215 
Request) and may include an appropriate Status Report. 216 

8.3.5.3.10 Volumetric Curve Point Coordinates 217 

The "volumetriccurvepoint" parameter specifies coordinates of points on the animation curve in the 218 
Volumetric Presentation State Reference Coordinate System, in mm. One triplet (x,y,z) shall be present 219 
for each point in the curve. At least two points are required for an animation. See Section C.11.29.1 in 220 
PS3.3. 221 

The syntax of this parameter is: 222 

%s" volumetriccurvepoint =" px "," py "," pz 223 

Where 224 

px, py and pz Position of a point on the animation curve. A point (x,y,z) in the VPS-RCS, in mm. 
 225 

Note 226 
 This corresponds to the Volumetric Curve Points (0070,150D) attribute. See Section C.11.29 in PS3.3. 227 

The origin server shall create an animation with a number of frames equal to the total distance of the 228 
Volumetric Curve divided by the "animationstepsize". 229 

If the "volumetriccurvepoint" parameters are present and the “animationrate” parameter is not present, the 230 
origin server shall determine the animation rate.  231 
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If the Target Resource is a Volumetric Presentation State, the origin server shall return a 400 (Bad 232 
Request) and may include an appropriate Status Report.  233 

8.3.5.3.11 Animation Step Size 234 

The "animationstepsize" parameter specifies distance between animation steps, or frames, in a 235 
Volumetric Rendering animation.  236 

For a swivel animation, the distance between steps is in degrees. For a Volumetric Curve, the distance 237 
between steps is in mm along the animation curve. 238 

The syntax of this parameter is: 239 

%s" animationstepsize =" ss  240 

Where 241 

ss The animation step size, an integer greater than zero. 

Note 242 
 This corresponds to the Animation Step Size (0070,1A05) attribute. See Section C.11.29 in PS3.3. 243 

The origin server shall create an animation, with a number of frames equal to either: 244 
• the “swivelrange” divided by the "animationstepsize", or 245 
• the total distance of the Volumetric Curve divided by the "animationstepsize". 246 

If " animationstepsize " is not present, and either “swivelrange”, or “volumetriccurvepoint” is present, the 247 
origin server may apply a default animation step size, or alternatively, return 400 (Bad Request) and may 248 
include an appropriate Status Report. 249 

If the Target Resource is a Volumetric Presentation State, the origin server shall return a 400 (Bad 250 
Request) and may include an appropriate Status Report.  251 

8.3.5.3.12 Animation Rate 252 

The “animationrate” parameter specifies the rate at which an animated 3D or MPR Volumetric 253 
Presentation is displayed.  254 

The syntax of this parameter is: 255 

%s" animationrate =" rt 256 

Where 257 

rt Rate in steps per second, an integer greater than zero. 

Notes 258 
1. This corresponds to Recommended Animation Rate (0070,1A03) in Section C.11.29 in PS3.3 and 259 

Section FF.2.4.2 in PS3.4. 260 
2. Playback of the returned media on a client may or may not achieve the requested animation rate. 261 

If " animationrate" is not present, and other animation parameters are present (e.g., “swivelrange”, 262 
“animationstepsize”, or “volumetriccurvepoint”), the origin server may apply a default animation rate, or 263 
alternatively, return 400 (Bad Request) and may include an appropriate Status Report. 264 
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If the Target Resource is a Volumetric Presentation State, the origin server shall return a 400 (Bad 265 
Request) and may include an appropriate Status Report.  266 

8.3.5.3.13 Rendered Volumetric Metadata 267 

The "renderedvolumetricmetadata" parameter specifies that the response payload contains only a 268 
Rendered Volume Response Module of the parameters applied by the origin server to generate the 269 
volumetric rendering. 270 
  271 
The syntax of this parameter is: 272 

%s"renderedvolumetricmetadata =" "yes" 273 

Where 274 

yes Indicates that only the Rendered Volume Response Module shall be present in the 
response payload. 

The origin server shall return a response payload containing a Rendered Volume Response Module as 275 
specified in Annex X.  276 

Note  277 
 If this parameter is not present, no Response Module is requested and the 2D representation of the 278 

rendered volume is returned as described in Sections 10.4.1.1.7 and 10.4.1.1.8. 279 

The Rendered Volume Response Module contains the complete set of query parameters, including both 280 
those specified by the user agent in the request and those determined by the origin server.  281 

For any two requests where the query parameters, Target Resource, and header fields are identical, the 282 
query parameter values in the Rendered Volume Response Module returned by the origin server shall be 283 
identical. 284 

Note  285 
 When repeating a rendering request, the origin server is expected to deliver a result that is consistent. It 286 

is not mandatory for it to be precisely identical. 287 

If the Target Resource is a Volumetric Presentation State, the origin server shall return a 400 (Bad 288 
Request) and may include an appropriate Status Report.  289 

Update PS3.18 Section 8.11 as follows: 290 

8.11 Security and Privacy 291 

It is very likely that DICOM objects contain Protected Health Information. Privacy regulations in the United 292 
States (HIPAA), Europe (GDPR), and elsewhere, require that Individually Identifiable Information be kept 293 
private. It is the responsibility of those implementing and deploying the DICOM Standard to ensure that 294 
applicable regulations for security and privacy are satisfied. 295 

See, for example, [ONC Privacy Security Guide]. 296 

Some types of images, such as rendered volumes, or the source slices from which they are 297 
created, may include recognizable visual features.  298 

The DICOM PS3.10 File Format has security considerations that will apply whenever DICOM PS3.10 File 299 
format is used. See Section 7.5 in PS3.10.  300 
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Modify Table 10.1-1. Resources and Descriptions as follows: 301 

Table 10.1-1. Resources and Descriptions 302 

Resource Description 
Studies Service The Base URI of the Studies Service. 
All Studies The All Studies resource references the entire collection of Studies contained in the 

Studies Service. 
Study The Study resource references a single Study. 
Study Metadata The Study Metadata resource references the Metadata of a Study. 
Study Bulkdata The Study Bulkdata resource references the Bulkdata of a Study. 
Study Pixel 
Data 

The Study Pixel Data resource references the Pixel Data of a Study. 

Rendered Study The Rendered Study resource references an alternate media type rendering of a 
Study. to be rendered 

Rendered MPR 
Volume Study 

The Rendered MPR Volume Study resource references a multiplanar reformat 
rendering of a Study. 

Rendered 3D 
Volume Study 

The Rendered 3D Volume Study resource references a volume rendering of a 
Study. 

Study 
Thumbnail 

The Study Thumbnail resource references a thumbnail image of a Study. 

Study's Series The Study's Series resource references the collection of all Series contained in a Study. 
Study's 
Instances 

The Study's Instances resource references the collection of all Instances in a single 
Study. 

All Series The All Series resource references the collection of all Series in all Studies contained in 
the Studies Service. 

Series The Series resource references a single Series. 
Series Metadata The Series Metadata resource contains the Metadata of a Series in a Study. 
Series Bulkdata The Series Bulkdata resource references the Bulkdata of a Series. 
Series Pixel 
Data 

The Series Pixel Data resource references the Pixel Data of a Series. 

Rendered 
Series 

The Rendered Series resource references an alternate media type rendering of a 
Series. to be rendered 

Rendered MPR 
Volume Series 

The Rendered MPR Volume Series resource references a multiplanar reformat 
rendering of a Series. 

Rendered 3D 
Volume Series 

The Rendered 3D Volume Series resource references a volume rendering of a 
Series. 

Series 
Thumbnail 

The Series Thumbnail resource references a thumbnail image of a Series. 

Series' 
Instances 

The Series' Instances resource references the collection of all Instances in a single 
Series. 

All Instances The All Instances resource references the collection of all Instances in all Series in all 
Studies contained in the Studies Service. 

Instance The Instance resource references a single Instance. 
Instance 
Metadata 

The Instance Metadata resource contains the Metadata of an Instance. 

Instance 
Bulkdata 

The Instance Bulkdata resource references the Bulkdata of an Instance. 
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Resource Description 
Instance Pixel 
Data 

The Instance Pixel Data resource references the Pixel Data of an Instance. 

Rendered 
Instance 

The Rendered Instance resource references an alternate media type rendering of an 
Instance. to be rendered 

Rendered MPR 
Volume 
Instance 

The Rendered MPR Volume Instance resource references a multiplanar reformat 
rendering of an Instance. 

Rendered 3D 
Volume 
Instance 

The Rendered 3D Volume Instance resource references a volume rendering of an 
Instance. 

Instance 
Thumbnail 

The Instance Thumbnail resource references a thumbnail image of an Instance. 

Frames The Frames resource references an ordered collection of frames in a single multi-frame 
Instance. 

Rendered 
Frames 

The Rendered Frames resource references an alternate media type rendering of an 
ordered collection of frames of a single multi-frame Instance. to be rendered 

Rendered MPR 
Volume 
Frames 

The Rendered MPR Volume Frames resource references a multiplanar reformat 
rendering of a collection of frames. 

Rendered 3D 
Volume 
Frames 

The Rendered 3D Volume Frames resource references a volume rendering of a 
collection of frames. 

Frame 
Thumbnail 

The Frame Thumbnail resource references a thumbnail image for frames within an 
Instance. 

Bulkdata The Bulkdata resource contains a Bulkdata Value. 

Update PS3.18 Table 10.3-2 Resources by Transaction as follows: 303 

In Table 10.3-2, the Target Resources permitted for each transaction are marked with M if support is 304 
mandatory for the origin server and O if it is optional. A blank cell indicates that the resource is not 305 
allowed in the transaction. 306 

Table 10.3-2. Resources by Transaction 307 

Resource Retrieve Store Search 

Studies Service 
   

All Studies 
 

M M 

Study M M 
 

Study Metadata M 
  

Study Bulkdata O 
  

Study Pixel Data O 
  

Rendered Study M 
  

Rendered MPR Volume Study O 
  



 Supplement 228: Web Services for Volumetric Rendering 
 Page 24 

Rendered 3D Volume Study O 
  

Study Thumbnail O 
  

Study's Series 
  

M 

Study's Instances 
  

M 

All Series 
  

M 

Series M 
  

Series Metadata M 
  

Series Bulkdata O 
  

Series Pixel Data O 
  

Series' Instances 
  

M 

Rendered Series M 
  

Rendered MPR Volume Series O 
  

Rendered 3D Volume Series O 
  

Series Thumbnail O 
  

All Instances 
  

M 

Instance M 
  

Instance Metadata M 
  

Instance Bulkdata O 
  

Instance Pixel Data O 
  

Rendered Instance M 
  

Rendered MPR Volume Instance O 
  

Rendered 3D Volume Instance O 
  

Instance Thumbnail O 
  

Frames M 
  

Rendered Frames M 
  

Rendered MPR Volume Frames O 
  

Rendered 3D Volume Frames O 
  

Frame Thumbnail O 
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Bulkdata M M 
 

Add the following Sections after Section 10.4.1.1.6:  308 

10.4.1.1.7 Rendered MPR Volume Resources 309 

Rendered MPR Volume Resources (defined in Table 10.4.1.7-1) are used to retrieve representations of a 310 
DICOM Resource after performing multiplanar reformatting. Reformatting represents a cross-section of a 311 
volume of slice data as an Euclidean plane in accordance with the principles established for Planar MPR 312 
Volumetric Presentation States (see PS3.4, Section FF.2.1.1). Rendered images are returned as 313 
Acceptable Media Types in the response payload. 314 

Note 315 
 These resources ensure uniform client requests and reasonably consistent rendering outcomes. Due to 316 

inherent differences in algorithm implementations, an identical match of rendering results between 317 
different implementations is not assured. 318 

The Target Resource shall be either: 319 

• a Planar MPR Volumetric Presentation State Instance, or  320 
• a collection of Image Instances or frames within Image Instances that conform to the Volume 321 

Input Requirements for Rendered MPR Volume Resources (see PS3.3, Section C.11.23.1) 322 
• a collection of Image Instances or frames within Image Instances, refined using one of the Query 323 

Parameters defined in Section 8.3.5.3, to meet Volume Input Requirements for Rendered MPR 324 
Volume Resources (see PS3.3, Section C.11.23.1). 325 

Table 10.4.1.7-1. Retrieve Transaction Rendered MPR Volume Resources 326 

Resource URI Template 
Rendered MPR 
Volume Study  

/studies/{study}/renderedmpr 

Rendered MPR 
Volume Series  

/studies/{study}/series/{series}/renderedmpr 

Rendered MPR 
Volume Instance 

/studies/{study}/series/{series}/instances/{instance}/renderedmpr 

Rendered MPR 
Volume Frames 

/studies/{study}/series/{series}/instances/{instance}/frames/{frames}/renderedmpr 

Note 327 
 The URI template for a Rendered MPR Volume Instance may apply to a multi-frame image instance 328 

being rendered, or to a Volume Rendering Volumetric Presentation State instance. 329 

10.4.1.1.8 Rendered 3D Volume Resources 330 

Rendered 3D Volume Resources (defined in Table 10.4.1.8-1) are used to retrieve representations of a 331 
DICOM Resource rendered after performing 3D rendering, in accordance with the principles established 332 
for Volume Rendering Volumetric Presentation States (see PS3.4, Section FF.2.1.2), by applying 333 
thresholding, ray-casting, volume rendering, or other methods to display a volume of slice data as a 334 
three-dimensional projection. Rendered images are returned as Acceptable Media Types in the response 335 
payload. 336 

Note 337 
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 These resources ensure uniform client requests and reasonably consistent rendering outcomes. Due to 338 
inherent differences in algorithm implementations, an identical match of rendering results between 339 
different implementations is not assured. 340 

The Target Resource shall be either: 341 

• a Planar MPR Volumetric Presentation State Instance, or  342 
• a collection of Image Instances or frames within Image Instances that conform to the Volume 343 

Input Requirements for Rendered 3D Volume Resources (see PS3.3, Section C.11.23.1) 344 
• a collection of Image Instances or frames within Image Instances, refined using one of the Query 345 

Parameters defined in Section 8.3.5.3, to meet Volume Input Requirements for Rendered 3D 346 
Volume Resources (see PS3.3, Section C.11.23.1). 347 

Table 10.4.1.8-1. Retrieve Transaction Rendered 3D Volume Resources 348 

Resource URI Template 
Rendered 3D Volume 
Study 

/studies/{study}/series/rendered3d 

Rendered 3D Volume 
Series 

/studies/{study}/series/{series}/rendered3d 

Rendered 3D Volume 
Instance  

/studies/{study}/series/{series}/instances/{instance}/rendered3d 

Rendered 3D Volume 
Frames  

/studies/{study}/series/{series}/instances/{instance}/frames/{frames}/rendered3d 

Note 349 
 The URI template for a Rendered 3D Volume Instance may apply to a multiframe image instance being 350 

rendered, or to a Planar MPR Volumetric Presentation State instance. 351 

Modify Table 10.4.1-5. Query Parameters by Resource as follows: 352 

Note: The “M” values in the table are not breaking changes because the origin server does not have to 353 
support an “M” unless it supports a resource encompassed by the value in the Resources column. 354 

10.4.1.2 Query Parameters 355 

The origin server shall support Query Parameters as required in Table 10.4.1-5. 356 

The user agent shall supply in the request Query Parameters as required in Table 10.4.1-5. 357 

Table 10.4.1-5. Query Parameters by Resource 358 

Key Resources Usage Section 
User 

Agent 
Origin 
Server 

accept All Resources O M Section 8.3.3.1  
charset Metadata Resources O M Section 8.3.3.2  
annotation Rendered Resources O M Section 8.3.5.1.1  

Rendered MPR Volume Resources O O 
Rendered 3D Volume Resources O O 

quality Rendered Resources O M Section 8.3.5.1.2  
Rendered MPR Volume Resources O O 
Rendered 3D Volume Resources O O 
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viewport Rendered Resources O M Section 8.3.5.1.3  
Rendered MPR Volume Resources O O 
Rendered 3D Volume Resources O O 
Thumbnail Resources O O 

window Rendered Resources O M Section 8.3.5.1.4  
Rendered MPR Volume Resources O O 
Rendered 3D Volume Resources O O 

iccprofile Rendered Resources O O Section 8.3.5.1.5  
Rendered MPR Volume Resources O O 
Rendered 3D Volume Resources O O 

volumeinputreference Rendered MPR Volume Resources O O Section 
8.3.5.3.1 Rendered 3D Volume Resources O O 

match Rendered MPR Volume Resources O O Section 
8.3.5.3.2 Rendered 3D Volume Resources O O 

renderingmethod Rendered MPR Volume Resources O M Section 
8.3.5.3.3 Rendered 3D Volume Resources O M 

orientation Rendered MPR Volume Resources O O Section 
8.3.5.3.4 Rendered 3D Volume Resources O O 

viewpointposition Rendered MPR Volume Resources O M Section 
8.3.5.3.5 Rendered 3D Volume Resources O M 

viewpointlookat Rendered MPR Volume Resources O M Section 
8.3.5.3.6 Rendered 3D Volume Resources O M 

viewpointup Rendered MPR Volume Resources O M Section 
8.3.5.3.7 Rendered 3D Volume Resources O M 

mprslab Rendered MPR Volume Resources O M Section 
8.3.5.3.8 

swivelrange Rendered 3D Volume Resources O O Section 
8.3.5.3.9 

volumetriccurvepoint Rendered MPR Volume Resources O O Section 
8.3.5.3.10 

animationstepsize Rendered MPR Volume Resources O O Section 
8.3.5.3.11 Rendered 3D Volume Resources O O 

animationrate Rendered MPR Volume Resources O O Section 
8.3.5.3.12 Rendered 3D Volume Resources O O 

renderedvolumetricmetadata Rendered MPR Volume Resources O M Section 
8.3.5.3.13 Rendered 3D Volume Resources O M 

 359 

Add the following Section after 10.4.3.3.6 Pixel Data Resource Payload: 360 

10.4.3.3.7 Rendered Volume Resource Payload 361 

The payload for a Rendered 3D Volume Resource (see Section 10.4.1.1.8) or a Rendered MPR Volume 362 
Resource (see Section 10.4.1.1.7) shall contain: 363 

• a 2D representation of the rendered volume according to the parameters of the display algorithm,  364 

or,  365 



 Supplement 228: Web Services for Volumetric Rendering 
 Page 28 

• a Rendered Volume Resources Response Module (see Annex X) corresponding to the request. 366 
See Section B.x2 for an example. 367 

A failure response payload may contain a Status Report describing any failures, warnings, or other useful 368 
information. 369 

Add the following Sections after Section B.30:  370 

B.31 Render a Series as a 3D Volume 371 

This example illustrates a request to render a series as a 3D volume, returned as a JPEG image. The 372 
series contains legacy instances. Since no other parameters are specified, they are determined by the 373 
origin server. 374 

GET /radiology 375 
/studies/1.2.250.1.59.40211.12345678.678910 376 
/series/1.2.250.1.59.40211.789001276.14556172.67789 377 
/rendered3D?renderingmethod=volume_rendered  378 
HTTP/1.1 379 
Host: www.hospital-stmarco 380 
Accept: image/jpeg 381 
 382 
HTTP/1.1 200 OK 383 
Content-Length: 79323 384 
Content-Type: image/jpeg 385 
<BINARY JPEG DATA> 386 

B.32 Render a Multi-frame Instance as a 3D Volume Rendering 387 

This example illustrates a request for a Rendered Volume Response Module representing the rendering 388 
of a multi-frame instance as a 3D volume, returned as an MPEG4 video animating an initial view oriented 389 
from the patient’s anterior, swiveled 180 degrees at 20fps. Since the orientation is specified as anterior, 390 
the server determines camera orientation equivalents. The swivel axis is aligned with the Viewpoint Up 391 
Direction (0070,1605), which is oriented towards the patient’s superior, intersecting the Viewpoint LookAt 392 
Point (0070,1604), which is directed from the anterior towards the posterior, resulting in a swivel around 393 
the superior-inferior axis. Since the animation step size is not specified, it is determined by the origin 394 
server and included with the requested volumetric metadata in the Rendered Volume Response Module. 395 

Notes 396 
 The request encodes the orientation as “Anterior”. The Rendered Volume Response Module encodes 397 

camera orientation as described in Section 8.3.5.3. 398 

GET /radiology 399 
/studies/1.2.250.1.59.40211.12345678.678910 400 
/series/1.2.250.1.59.40211.789001276.14556172.67789 401 
/instances/1.2.250.1.59.40211.2678810.87991027.899772.2 402 
/rendered3D?renderingmethod=volume_rendered 403 
&orientation=a 404 
&swivelrange=180 405 
&animationrate=20 406 
&renderedvolumetricmetadata=yes 407 
HTTP/1.1 408 
Host: www.hospital-stmarco 409 
Accept: application/dicom+json  410 
 411 
HTTP/1.1 200 OK 412 
Content-Length: 369 413 
Content-Type: application/dicom+json 414 
{ 415 
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    "00720510": { 416 
        "vr": "CS", 417 
        "Value": ["3D_RENDERING"] 418 
    }, 419 
    "0070120D": { 420 
        "vr": "CS", 421 
        "Value": ["VOLUME_RENDERED"] 422 
    }, 423 
    "00701603": { 424 
        "vr": "FD", 425 
        "Value": [100,101,200] 426 
    }, 427 
    "00701604": { 428 
        "vr": "FD", 429 
        "Value": [100,100,200] 430 
    }, 431 
    "00701605": { 432 
        "vr": "FD", 433 
        "Value": [0,0,1] 434 
    }, 435 
    "00701A06": { 436 
        "vr": "FD", 437 
        "Value": [180] 438 
    }, 439 
    "00701A05": { 440 
        "vr": "FD", 441 
        "Value": [1.8] 442 
    }, 443 
    "00701A03": { 444 
        "vr": "FD", 445 
        "Value": [20] 446 
    } 447 
} 448 

B.33 Render a Study as an MPR 449 

This example illustrates a request to render a study as an MPR, returned as a 30fps MPEG4 video 450 
animating an Oblique orientation (specified using viewpoint parameters). The request also specifies a 451 
window width of 400 and center of 40 and a rendering method of average intensity projection. The user 452 
agent specifies that the rendered instances should consist of the multi-phase cardiac acquisition frames 453 
for the R-R interval between 140 and 260 milliseconds.  454 

Note 455 
 See PS3.4 Section C2.2.2 for Attribute Matching. 456 
 457 

The origin server will need to identify the relevant instances in the study (based on the presence of 458 
Cardiac R-R Interval Specified (0018,9070) with matching values). Since an animation step size was not 459 
specified, and a temporal range is specified (for the Cardiac R-R interval), the origin server understands 460 
that a temporal animation of multiple series each containing a single phase is requested. Since MPR slab 461 
thickness is not specified, the server renders a thin MPR, meaning a minimally thick slab of unspecified 462 
thickness. 463 

GET /radiology 464 
/studies/1.2.250.1.59.40211.12345678.678910/renderedmpr? 465 
CardiacRRIntervalSpecified=140-260 466 
&renderingmethod=average_ip 467 
&viewpointposition=532,38,126 468 
&viewpointlookat=-532,-76,-154 469 
&viewpointup=0,0,0 470 
&animationrate=30 471 
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&window=400,40,linear 472 
HTTP/1.1 473 
Host: www.hospital-stmarco 474 
Accept: video/mp4 475 
 476 
HTTP/1.1 200 OK 477 
Content-Length: 3145728 478 
Content-Type: video/mp4 479 
<BINARY MPEG-4 DATA> 480 

B.34 Render One Phase of a Multi-phase Series as a MIP 481 

This example illustrates a request for a static MPR rendering of one phase of a multi-phase series. A 482 
volume input reference is provided to identify the desired phase. Coronal orientation is specified using 483 
camera orientation parameters. The MPR MIP is 20mm thick and windowed at a width of 700 and center 484 
of 100. The returned JPEG image is scaled to a matrix size of 256 by 256. 485 

GET /radiology 486 
/studies/1.2.250.1.59.40211.12345678.678910 487 
/series/1.2.250.1.59.40211.789001276.14556172.67789/renderedmpr? 488 
volumeinputreference=1.2.250.1.59.40211.2678810.87991027.899772.2 489 
&renderingmethod=maximum_ip 490 
&mprslab=20 491 
&viewpointposition=100,101,200 492 
&viewpointlookat=100,100,200 493 
&viewpointup=0,0,1 494 
&viewport=256,256 495 
&window=700,100,linear 496 
HTTP/1.1 497 
Host: www.hospital-stmarco 498 
Accept: image/jpeg 499 
 500 
HTTP/1.1 200 OK 501 
Content-Length: 79323 502 
Content-Type: image/jpeg 503 
<BINARY JPEG DATA> 504 

B.35 Render a Volume Rendering Volumetric Presentation State 505 

This example illustrates a request to render a Volume Rendering Volumetric Presentation State instance 506 
as a JPEG image. The origin server retrieves the instance corresponding to the specified UID, extracts 507 
volumetric rendering parameters from the Volume Rendering Volumetric Presentation State instance, 508 
retrieves the images referenced in the Referenced Image Sequence.  509 

Since no additional parameters are provided directly in the request, the server applies the volumetric 510 
rendering parameters from the Volume Rendering Volumetric Presentation State instance, including 511 
techniques for rendering, shading, and coloring, to generate the rendered JPEG image. 512 

The server performs the rendering, and returns the result in the requested media type. 513 

GET /radiology 514 
/studies/1.2.250.1.59.40211.12345678.678910 515 
/series/1.2.250.1.59.40211.981472893.33567182.83456 516 
/instances/1.2.250.1.59.40211.2678810.76391234.455673.3 517 
/rendered3D  518 
HTTP/1.1 519 
Host: www.hospital-stmarco 520 
Accept: image/jpeg 521 
 522 
HTTP/1.1 200 OK 523 
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Content-Length: 78,643 524 
Content-Type: image/jpeg 525 
<BINARY JPEG DATA> 526 

Update PS3.18 Table H-1. Resources and Methods as follows: 527 

Table H-1. Resources and Methods 528 

Studies (see Section 10.1.1)  
studies Search for Studies 

Store Instances 

Section 10.6  

Section 10.5  
{StudyInstance} Retrieve Study 

Store Study Instances 

Section 10.4  

Section 10.5  
metadata Retrieve Study Metadata Section 10.4  
rendered Retrieve Rendered Study Section 10.4  
renderedmpr Retrieve Rendered MPR Volume Study Section 10.4  
rendered3d Retrieve Rendered 3D Volume Study Section 10.4  
thumbnail Retrieve Study Thumbnail Section 10.4  
bulkdata Retrieve Study Bulkdata Section 10.4  
pixeldata Retrieve Study Pixel Data Section 10.4  
series Search for Study Series Section 10.6  
{SeriesInstance} Retrieve Series Section 10.4  
metadata Retrieve Series Metadata Section 10.4  
rendered Retrieve Rendered Series Section 10.4  
renderedmpr Retrieve Rendered MPR Volume Series Section 10.4  
rendered3d Retrieve Rendered 3D Volume Series Section 10.4  
thumbnail Retrieve Series Thumbnail Section 10.4  
bulkdata Retrieve Series Bulkdata Section 10.4  
pixeldata Retrieve Series Pixel Data Section 10.4  
instances Search for Study Series Instances Section 10.4  
{SOPInstance} Retrieve Instance Section 10.4  
metadata Retrieve Instance Metadata Section 10.4  
rendered Retrieve Rendered Instance Section 10.4  
renderedmpr Retrieve Rendered MPR Volume Instance Section 10.4  
rendered3d Retrieve Rendered 3D Volume Instance Section 10.4  
thumbnail Retrieve Instance Thumbnail Section 10.4  
bulkdata Retrieve Instance Bulkdata Section 10.4  
pixeldata Retrieve Instance Pixel Data Section 10.4  
frames N/A N/A 
{framelist} Retrieve Frames Section 10.4  
rendered Retrieve Rendered Frames Section 10.4  
renderedmpr Retrieve Rendered MPR Volume Frames Section 10.4  
rendered3d Retrieve Rendered 3D Volume Frames Section 10.4  
thumbnail Retrieve Frame Thumbnail Section 10.4  
pixeldata Retrieve Frame Pixel Data Section 10.4  
instances Search for Study Instances Section 10.6  
series Search for Series Section 10.6  
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{SeriesInstance} N/A N/A 
{instances} Search for Instances Section 10.6  
instances Search for Instances Section 10.6  
{BulkDataReference} Retrieve Bulkdata Section 10.4  

… 
 529 

Add the following Section after Annex J: 530 

K Rendered Volume Response Module 531 

The Rendered Volume Response Module provides the user agent with a representation of the 532 
parameters applied by the origin server to generate the volumetric rendering.  533 

The user agent may use this information to: 534 

• inform the operator of the actual parameter values used, including both values specified in the 535 
request and values determined by the origin server (e.g., populate the user interface with 536 
parameters to aid in the interpretation of rendered content), 537 

• serve as the basis for subsequent requests (e.g., to iteratively modify parameters to obtain a 538 
desired rendering outcome), or 539 

• provide insight into the choices made by the origin server to select defaults and/or address errors 540 
when producing the rendering. 541 

K.1 Response Message Body 542 

Table K.1-1 defines the Attributes that are returned in a Rendered MPR Volume Resource or a Rendered 543 
3D Volume Resource response message body.  544 

Notes 545 
1. These represent Query Parameters that may be specified by the user agent in Rendered MPR 546 

Volume Resources or Rendered 3D Volume Resources. See Section 8.3.5.3. 547 
2. Anatomic orientation parameters (see Section 8.3.5.3.4) are converted to camera orientation 548 

parameters to facilitate fine grain adjustments in a subsequent request.  549 

Table K.1-1. Rendered Volume Response Module Attributes 550 
Attribute Name  Tag  Type  Attribute Description  
Reformatting Operation Type (0072,0510) 1 Reformatting operation to be applied to the Image 

Set. 
Rendering Method (0070,120D) 1 Specifies the display algorithm to be applied to the 

Volume Data.  
Viewpoint Position (0070,1603)  1 Position of the viewpoint in volume space. 
Viewpoint LookAt Point (0070,1604) 1 Point the viewpoint is looking at. 

Viewpoint Up Direction (0070,1605)  1 Vertical orientation of the view. 
MPR Slab Thickness (0070,1503) 1C Required if Reformatting Operation Type 

(0072,0510) has a value of MPR and there is a 
specified thickness.  

VOI LUT Function  (0028,1056) 1C Required if Rendering Method (0070,120D) is not 
VOLUME_RENDERED.  

Window Width  (0028,1051) 1C Required if Rendering Method (0070,120D) is not 
VOLUME_RENDERED.  
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Window Center (0028,1050) 1C Required if Rendering Method (0070,120D) is not 
VOLUME_RENDERED. 

Swivel Range (0070,1A06) 1C Required for SWIVEL animations. 
Animation Step Size (0070,1A05) 1C Required for SWIVEL or CROSSCURVE 

animations.  
Recommended Animation Rate (0070,1A03) 1C Required for video media types.  

Modifications to PS3.17 551 

Reword the heading for Section XXX as follows: 552 

XXX. Volumetric Rendering Presentation States (Informative) 553 

Add the following Section after Section XXX.6: 554 

XXX.7 Scope of Volumetric Rendering Web Service 555 

Rendered Volume Resources enable a user agent to request a server-side 3D volumetric rendering. The 556 
user agent communicates the desired rendering by providing Query Parameters or a Volumetric 557 
Presentation State within the RESTful request. The origin server then resamples the Target Resource of 558 
DICOM instances into Volume Data, applies the provided parameters, and returns the representation in 559 
the requested Media Type. 560 

Volumetric Rendering Query Parameters control basic functions that can be used independently, or in 561 
combination, to render a volume of Input Instances upon a GET request. Other advanced functions are 562 
enabled by referencing a Presentation State containing input instances or frames, rendering, 563 
presentation, graphic annotation, animation, cropping and segmentation parameters defined prior to a 564 
GET request. Basic and advanced functions are summarized in Table XXX.7-1 565 

Table XXX.7-1. Basic and Advanced Web Services Functionality 566 

Basic Functions Provided in Volumetric 
Rendering Web Services 

Advanced Functions Available by also Referencing a 
Volumetric Presentation State  

• Pan 
• Zoom 
• Windowing 
• Set Quality 
• Rotate 
• Animate 
• Set Render Method 

• Display Color 
• Shading and Lighting 
• Crop 
• Compositing (e.g., fusion and blending) 
• Annotate 
• Perspective render projection 
• Render endoluminal view (e.g., fly through) 

XXX.7.1 Volumetric Rendering Web Service Examples 567 

XXX.7.1.1 MPR Rendering of a CT Series 568 

A CT study is being reviewed on a web-based lightweight viewer. The viewer includes a hanging protocol 569 
that displays a coronal MPR as the optimal plane to view the anatomy of interest. The coronal view is 570 
presented as a thick slab MIP image to better present contrast enhanced vasculature. To obtain this 571 
image, the viewer submits a RESTful service request specifying a rendering mode, slab thickness, 572 
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spacing, and media type. The origin server renders the referenced CT images based on the requested 573 
parameters and returns the result in the requested media type. The viewer presents the images.  574 

 575 

Figure XXX.7-1 MPR Rendering of a CT 576 

XXX.7.1.1.1 Volumetric Rendering Web Service Pipeline 577 

The user agent identifies input instances with geometric consistency, which are then assembled into 578 
volume data by the origin server. Algorithm and display parameters are applied to the volume data in 579 
order to achieve the requested presentation, and lastly, the representation is encoded into one or more 580 
images of the requested media type and returned in a response payload to the user agent. 581 

Figure XXX.7-2 shows the rendering pipeline for a simple volume and how various parts of the request 582 
URL correspond to various rendering details. Details of each step are described in the subsections that 583 
follow. 584 

 585 

Figure XXX.7-2 Volumetric Rendering Web Service Rendering Pipeline for MPR Rendering of a CT 586 

XXX.7.1.1.2 Specify Input Instances or Frames 587 

Volumetric rendering applications require 2D slice data input. For the origin server to render the data as a 588 
volume, the input slices require a degree of consistency, such as a common patient frame of reference, 589 
pixel attributes (rows, columns, bit depth) and spatial alignment. Slices may possess Z-axis overlap 590 
and/or gaps. DICOM defines the requirements for collections of frames that make up Volumetric Source 591 
Information in the Presentation Input Type Volume Input Requirements in PS3.3, Section C.11.23.1. 592 

In this example, three CT acquisitions through the liver are obtained, each corresponding to a contrast 593 
phase (arterial, portal-venous and venous). All images are in a single series of Legacy CT Image objects. 594 
The scanner used to acquire the images increments Acquisition Number (0020,0012) for each contrast 595 
phase in the series: 596 

1 = arterial 597 
2 = portal-venous 598 
3 = venous 599 

Render phase 2 
as a coronal MPR

GET
 ht

tp:
//s
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The user agent identifies the desired phase by requesting the Acquisition Number value “2”, 600 
corresponding to the portal-venous contrast phase. The origin server identifies the subset of instances 601 
within the Target Resource having the requested Acquisition Number, determines that they meet the 602 
Presentation Input Type Volume Input Requirements, and proceeds to prepare the Volume Data. 603 

XXX.7.1.1.3 Prepare Volume Data from Input Instances 604 

Volumetric Source Information is used to prepare Volume Data. Simple Volume Data consists of a 605 
contiguous set of frames at a single point in time. A simple volume is also referred to as 3D, in which 606 
each of the three dimensions represent a spatial axis (x, y and z). 607 

In this example, the origin server assembles the pixel data from the identified instances into a simple 608 
volume as depicted in Figure XXX.7-3. 609 

 610 

Figure XXX.7-3 Simple Volume Data 611 

XXX.7.1.1.4 Apply Display Algorithm 612 

The Volume Data is presented using a display algorithm, such as Volume Rendering (VR), Maximum 613 
Intensity Projection (MIP), and Multiplanar Planar Rendering (MPR).  614 

In this example, the user agent requests a 5-millimeter thick, average intensity projection MPR. The origin 615 
server applies an “average_ip” algorithm, a method that projects the mean intensity of all interpolated 616 
samples in the path of each ray traced from the viewpoint to the plane of projection. 617 

XXX.7.1.1.5 Apply Presentation Parameters 618 

Presentation parameters define either: 619 
• a fixed view  620 
• an initial view and animation with optional parameters 621 

In this example, the user agent requested an anterior view. Since an image media type, not a video 622 
media type, is requested in the Accept header field, and there is only one volume, the origin server 623 
creates a view of a fixed coronal orientation at a default location within the volume. 624 

XXX.7.1.1.6 Return 2D Representation  625 

In the last step of the pipeline, the rendered view is encoded using an Acceptable Media Type and 626 
returned in the response payload.  627 

In this example, the user agent requests “image/jpeg” in the Accept header field. In response, the origin 628 
server returns a representation of the MPR as a single frame JPEG image.  629 

XXX.7.1.2 3D MIP Rendering of an Enhanced MR Instance 630 

A temporal MRI study (consisting of 5 Dynamic Contrast Enhanced phases of the breast) is being 631 
reviewed on a web-based lightweight viewer. The viewer includes a hanging protocol that displays a 3D 632 
MIP. To obtain the 3D MIP, the viewer submits a RESTful service request specifying the Instances to be 633 
rendered, rendering mode, orientation, animation and media type. The origin server renders the 634 

Z 
Y 

X 
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referenced MR images based on the requested parameters and returns the result in the requested media 635 
type. The viewer presents the images.  636 

 637 

Figure XXX.7-4 MIP Rendering of an MR 638 

XXX.7.1.2.1 Volumetric Rendering Web Service Pipeline 639 

Figure XXX.7-5 shows the rendering pipeline for temporal volumes and how various parts of the request 640 
URL correspond to various rendering details. Details of each step are described in the subsections that 641 
follow. For brevity, only 2 volumes are shown. 642 

 643 

Figure XXX.7-5 Volumetric Rendering Web Service Rendering Pipeline for MIP Rendering of an MR 644 

XXX.7.1.2.2 Specify Input Instances or Frames 645 

In this example, the first phase is non-contrast, phases 2-5 are contrast enhanced. All phases are 646 
encoded in a single Enhanced MR object. Phases are identified by the Temporal Position Index (0020, 647 
9128). 648 

The user agent identifies the desired phases by requesting the Temporal Position Index values “2-5” 649 
corresponding to the contrast enhanced phases. The origin server identifies the frames within the Target 650 
Resource having the requested Temporal Position Index, determines that they meet the Presentation 651 
Input Type Volume Input Requirements, and proceeds to prepare the Volume Data. 652 

XXX.7.1.2.3 Prepare Volume Data from Input Instances 653 

Multi-volume data consists of two or more simple volumes that are related and rendered simultaneously. 654 
Each time point is represented as a simple volume that meets the Volume Input Requirements. 655 

In this example, the origin server assembles the pixel data of the matching frames into four simple 656 
volumes, one for each timepoint, as depicted in Figure XXX.7-6. 657 

 658 

Render dynamic 
contrast enhancement 
in a 3D MIP

GET
 ht

tp:
//s

erv
er.

com
...

/

Accept: video/mp4

Volumetric 
Source 

Information

Display 
Algorithm

Phase 
n

Phase 
1

.../rendered3D?FrameContentSequence.TemporalPositionIndex=2 -5&renderingmethod=maximum_ip&orientation=h

Presentation
(Initial View)

Media Type

Specify Input 
Instances or Frames

Apply display algorithm and 
presentation parameters to the 
Volume Data to create a view

Return 2D representation of 
the view as requested 
media type

Prepare Volume Data 
from Input Instances



 Supplement 228: Web Services for Volumetric Rendering 
 Page 37 

 659 

Figure XXX.7-6 Multi Volume Data 660 

XXX.7.1.2.4 Apply Display Algorithm 661 

In this example, the user agent requests a 3D MIP. The origin server applies a “maximum_ip” algorithm, a 662 
method that projects each volume with the maximum intensity of the samples that falls in the path of each 663 
ray traced from the viewpoint to the plane of projection.  664 

XXX.7.1.2.5 Apply Presentation Parameters 665 

In this example, the user agent requested a top-down view. As a video was requested, and no animation 666 
parameters were provided to specify the rotation of the 3D volumes, the origin server chooses not to 667 
apply any spatial animation. Instead, it applies a temporal animation, displaying each volume sequentially 668 
at a frame rate of 1fps. 669 

XXX.7.1.2.6 Returned Images  670 

In this example, the user agent requests video in the Accept header field. In response, the origin server 671 
returns a representation of the temporal MIP as a MPEG video.  672 

XXX.8 Converting MPR Orientation to Viewpoint Attributes in Volumetric Rendering Web Services 673 

The Rendered 3D and Rendered MPR camera orientation parameters for Volumetric Rendering web 674 
services, such as the Volume Rendering Volumetric Presentation State IOD, specify orientation from the 675 
perspective of a camera in the Volumetric Presentation State Reference Coordinate System (VPS-RCS) 676 
with three parameters consisting of: 677 

• a point, “viewpointposition”,  678 
• a point, "viewpointlookat",   679 
• a vector, “viewpointup”. 680 

The Planar MPR Volumetric Presentation State IOD specifies the MPR slab orientation using the MPR 681 
View Width Direction (0070,1507) and MPR View Height Direction (0070,1511) attributes, which contain 682 
the direction cosines Xxyz and Yxyz, respectively. 683 

The camera parameters can be derived from the MPR attributes as follows: 684 

viewpointlookat Vxyz = Txyz + Xxyz * W / 2 + Yxyz * H / 2  685 

viewpointposition = Vxyz - Zxyz 686 

viewpointup = Yxyz 687 

Where: 688 
Txyz = coordinates of the MPR Top LeftHand Corner (0070,1505) in mm 689 
Xxyz = the direction cosine of the MPR View Width Direction (0070,1507) 690 
Yxyz = the direction cosine of the MPR View Height Direction (0070,1511) 691 
Zxyz = the vector cross product of Xxyz and  Yxyz 692 
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W = MPR View Width (0070,1508) in mm 693 
H = MPR View Height (0070,1512) in mm 694 
 695 

 696 
Figure XXX.8-1 Converting MPR Orientation to Viewpoint Attributes 697 

Txyz MPR Top Left Corner ( 0070,1505)

Vxyz viewpointlookat

viewpointup

viewpointposition


