“K westar WarperdK

Features that are not yet integrated but will be in field upgradable future revisions in YELLOW.

Warper4K Warp Processor

Per channel DisplayPort resolutions up to 4096x2400, including UHD (3840x2160)

Pixel rates up to 600 MPixels/sec (2560x1600@120Hz, 3840x2160@60Hz)

Order configuration is from 1 to 5 warping channels

Forward or Inverse mesh correction coordinates

Per pixel 8-bit gain across entire image or programmable rectangles with gradients, used for blending
Per pixel RGB bias via LUTSs for up to 16 regions across active area (for uplift after blend).

RGB Display Gamma LUTSs

RGB gain per pixel for uniformity, calculated from programmable lattice of RGB gain values at up to
3 intensity levels

RGB bias per pixel for uniformity, calculated from programmable lattice of RGB bias values.

User programmable input timing. Output timing automatically set to the input timing

Automatic, Programmable, or Dynamic horizontal and vertical FIR coefficients for pixel interpolation.
Programmable EDID on each input

Downloadable and Built-in test patterns support projector calibration

e Pre-stored settings and correction files applied at power up

e 1U rack-mount unit

e Control interface via USB 2.0 or 10/100 Ethernet configured with either Static or Dynamic IP address
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Figure 1: Warper4K block diagram

The Warper4K-DP is a low latency, general purpose warp processor, suitable for applications to “re-shape” video prior to a
display device or to “undo” the video shaping intended for a projector, prior to a flat panel display.

The Warper4K-DP is available with 1 to 5 1/0 channels, as shown in Figure 1 above. The Warper4K-DP does not “share” data
across channels, so any shared data for edge blending must be done prior to this device.
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Robust Video Processing: Warper4K includes multiple processing functions that are critical to warping video, as well as
functions essential for multi-projector, blended displays. Figure 2 below shows the basic video processing blocks.
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Figure 2: Warper4K Video Processing Blocks

Table 1 introduces each functional block, and references additional information in this datasheet by page number.

Output
—»

Block # | Block Name Block Description Page #
1 Video Capture Incoming DisplayPort video is decoded from a source, with generation of n/a
vertical sync, horizontal sync, pixel clock and data enable for downstream
processing.
2 OSD 8-bit Image Logic (plus memory) to support fast download of 8-bit images for calibration 11, Test Patterns
etc. The 8-bit image is converted to 24-bit color image via a 256 entry color
palette.
3 Full screen 30-bit Logic (plus memory) to support download of full screen 30-bit RGB images for | 11, Test Patterns
image test and/or calibration.
4 3:1 Mux Selects the source of the video content. (timing is always derived from the n/a
Video Capture Block)
5 Vertical Delay Number of lines to delay the output from the input. Must account for a 12, Vertical Delay /
minimum processing delay plus the maximum vertical warp. Latency Analysis
6 Custom Re-time, Used in rare occasions where a) the output timing/resolution is different than 11, WarperdK
Rotate input, b) the source video must be rotated prior to warping, or c) both. A limited | Custom 1/O timing
number of modes are pre-programmed at the factory for use. Please contact the
factory with your unique requirements.
7 Memory Frame memory to support re-size, rotate, and/or warping n/a
8 Warp Geometric correction: Calculation of outgoing pixel based on correction 3-5
coordinates and the FIR filtering of a 6x6 array of nearest neighbor pixels.
9 FIR Selection Approach for selecting FIR values to be applied in (6) horizontal filters and (1) 5-8
vertical filter
10 Alpha Function to apply a per pixel alpha multiplier. Used typically for edge blending. | 9, Per-pixel gain
adjustment
11 Bias Uplift Each pixel is mapped to 1 of 16 regions. Each region has a color bias uplift 11, Per-pixel bias
value derived from RGB intensity LUTs. This function is used for after blend adjustment
uplift.
12 Display Gamma Used to match the outgoing gamma to the display device. One LUT per color 10, Display Gamma
(RGB), 10bit in to 16bit out. LUT’s
13 Uniformity A lattice of gain points. Each lattice point has 3 gain values (100% intensity, 11, Per-pixel gain
50%, 25%) independently for Red, Green and Blue. Gains are interpolated adjustment
between lattice points and between gain values. Used to adjust for display
uniformity
14 NaN blanking Allows blanking of any mesh coordinate that is “Not a Number”. This is rarely | 10 Not-a-Number
used. (NaN) Support
15 Video or Final output stage allows selection of the processed video or a pre-programmed | 11, Test Patterns
Programmed Color RGB value.

Table 1: Warper4K Video Processing Block Descriptions
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Geometric Correction: WarperdK supports multiple approaches for geometric correction, including forward mesh, inverse mesh,
and native correction coordinate, as summarized in the Table 2 below:

Geometric Correction Approach | Description

Forward Mesh Correction formed with a (2**n +1, 2**n +1) mesh representing fixed points in the input space, and where they

are mapped in the output space. Mesh sizes are 2x2, 3x3, 5x5, 9x9, and 17x17. Mesh points can be either inside

or outside the output active area.

Inverse Mesh Correction formed with a (2**n +1, 2**n +1) mesh representing fixed points in the output space, and where they

are mapped in the input space. Mesh sizes are 2x2, 3x3, 5x5, 9x9, and 17x17. Mesh points can be either inside or

outside the input active area.

Native Correction Coordinates Each output pixel is derived from a “mapped” location relative to the input space. Correction coordinates are

defined every 32 output pixels for active horizontal resolutions of 2048 or greater, and every 16 pixels for active

horizontal resolutions less than 2048. Correction coordinates between the defined coordinates are calculated by

linear interpolation within the Warper4K. Correction coordinates can be inside or outside the input active area.
Table 2: Available Geometric Correction Techniques

Both Forward Mesh and Inverse Mesh approaches are converted to Native Correction Coordinates by Warper4K software and
firmware. Coordinates in the input space have 1/8 pixel resolution, and the coordinates can range from -2048 to +6143.875 with
respect to the input active area. Figure 3 below depicts correction coordinates mapped with respect to the input active area.

Pixel[0,0) CC(0.0)=(15,25) Pixel [3839,0] i

; / CC(1,0)= (5.5, 3.0)

|

/ v
/

/
|
4
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Assume
- a 3840 x 2160 input image and 3840 x 2160 outputimage.
- correction coordinates (CC) every 32 pixels/lines (n-space = 32)

Therefore,
the number of horizontal coordinates to span 3840 =
3840/32 = 120; + 1 to bound the last 32 pixel block = 121 horizontal

the number of vertical coordinates to span 2160 =
2160/32 = 67.5. 68 lines getto the middle of the last 32 line block, so
69 total vertical coordinates will cover all lines.

Therefore the coordinate coordinate grid is 121 x 69.

i o1

Pixel [0,2159] Pixel [3839,2159] T
CC (0,68) = (1, 2158)

CC (120,68) = (3839.875, 2159)
Figure 3: Correction Coordinates with respect to input active area.

Pixel Calculation: Each outgoing pixel has an associated native correction coordinate (actual or interpolated) relative to the input
space. The outgoing pixel’s value is calculated from a 6x6 array of nearest pixel values in the input space. Six horizontal FIR
filter calculations are made, followed by a vertical FIR filter calculation, as shown in Figure 3 on the next page.

Horizontal filter coefficients are symmetrical with respect to positive or negative x distance from the calculated pixel. Six values
of coefficients are selected from a 24 entry table, based on the relative x distance between the calculated pixel and the six (6)
contributing horizontal pixels.
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The coefficients of the vertical filter are also symmetrical with respect to positive or negative y distance from the calculated pixel.
Six values of coefficients are selected from a 24 entry table, based on the relative y distance between the calculated pixel and each
of the 6 rows of input pixels. Table entries have a 1/8 pixel resolution, per the 1/8 pixel correction coordinate resolution.

Filter coefficients may be either: a) automatically calculated by the Warper4K based on the smallest scale factor across the entire
output space, b) programmed by the user with a single set of values for the entire output space, or ¢) dynamically selected from 64
user-loadable FIR tables based on the immediate horizontal and vertical scale factors. Figure 4 below describes the FIR
calculation for outgoing pixels.

L Input Pixel

1 2 3 4 5 6 7 8 9 10 11 12 13
A e 6 o6 o o o o o o o o o o
B e 6 o6 o6 o o o o o o o o o
c e 6 o6 o6 o o o o o o o o o
D e 6 o6 o6 o o o o o o o o o
E e 6 o o o o o o o o o o o

P > N
18/8 22/

F e o o .X e o6 o o o o o
G e 6 o6 o6 o o o o o o o o o
H e 6 o6 o6 o o o o o o o o o
1 e 6 o o o o o o o o o o o
J e 6 o6 o o o o o o o o o o
K e 6 o6 o6 o o o o o o o o o
L e 6 o6 o6 o o o o o o o o o
M e 6 o6 o6 o o o o o o o o o

For an outgoing pixel with a correction coordinate located at X, a 2-dimensional 6 symbol FIR
calculation is performed as follows:

irst, the 6x6 array of pixels are processed by the horizontal FIR filter for each of the 6 rows:
= D4*Hh0 +D5*Hh1l +D6*Hh2 +D7*Hh3 +D8*Hh4 +D9*Hh5
E4*Hh0 +E5*Hhl +E6*Hh2 +E7*Hh3 +E8*Hh4 +E9*Hh5
F4*HhO +F5*Hhl +F6*Hh2 +F7*Hh3 +F8*Hh4 +F9*Hh5
G4*HhO +G5*Hhl +G6*Hh2 +G7*Hh3 +G8*Hh4 +G9*Hh5
H4*HhO +H5*Hh1 +H6*Hh2 +H7*Hh3 +H8*Hh4 +H9*Hh5

F
X
X
X
X
X
X I4*HhO0 +I5*Hh1 +I6*Hh2 +I7*Hh3 +I8*Hh4 +I9*Hh5

HTQ=HEOR

HhO-5 = horizontal coefficients selected from an internal horizontal FIR coefficient table, based on

relative x distance between interpolated pixel and corresponding input pixel, and
Nx (eg D4) where N =D, E, F, G, H, or T and x =4, 5, 6, 7, 8, 9 is the corresponding pixel’s RGB value

Second, the vertical interpolation is calculated:
X’ = X D*Hv0 + X E*Hvl +X F*Hv2 +X G*Hv3 +X H*Hv4 +X I*Hv5

Hv0-5 = vertical coefficients selected from an internal vertical FIR coefficient table, based on
relative y distance between interpolated pixel and corresponding input row of pixels, and
X’ is the RGB value of the outgoing pixel at X

Figure 4: FIR calculation for an Outgoing Pixel
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FIR Filter Coefficients:

Figure 5 below shows which horizontal FIR coefficients are utilized based on the distance between the outgoing pixel and a
corresponding pixel within the applicable 6x6 matrix of pixels in the input space. The coefficient numbers and relative x
distances are with respect to Figure 3. X_N is calculated for 6 rows (N =D, E, F, G, H, and I) of 6 pixels each (Columns 4 —9).
The 6 summations then undergo a vertical FIR calculation. Note: Coefficients shown here are hypothetical.

LUT Entry [Pixel Delta |FIR Coeff x-Pixel |Coeff #
0 [-23/8 0.03125 FIR Hor Coefficients Used to calculate Pixel at X
1 -22/8 0.0625
2 -21/8 0.09375 1.2
3 -20/8 0.109375 1
4 -19/8 0.109375
5 |-18/8 0.078125|N4 HhO 08
6 -17/8 0.046875 0.6
7 -16/8 0
0.4
8 -15/8 -0.0625
9 -14/8 -0.125 0.2
10 -13/8 -0.171875| 0
11 -12/8 -0.203125|
12 |-11/8 -0.203125 e
13 -10/8 -0.171875|N5 Hh1 -0.4
1 “o/s -0.109375 Coefficients are always symmetricapout Horizontal (X)and Vertical (Y)
1 /8 0 Coefficients are spaced by 1/8 pixel inXand Y
16 -7/8 0.125
17 -6/8 0.265625
18 -5/8 0.421875
19 -4/8 0.5625 Pixel Pixel (located at this distance) is multiplied by corresponding LUT
20 -3/8 0.71875 Delta hO hl h2 h3 h4 h5
21 |-2/8 0.859375|N6 Hh2 0/8 16/8 8/8 0/8 8/8 16/8 n/a
2 |18 0.9375 1/8 17/8 9/8 1/8 7/8 15/8 23/8
3 o 1 FIR Coefficients highlighted above
22 1/8 0.9375 3/8 19/8 11/8 3/8 5/8 13/8 21/8
21 2/8 0.859375 4/8 20/8 12/8 4/8 4/8 12/8 20/8
20 3/8 0.71875 5/8 21/8 13/8 5/8 3/8 11/8 19/8
19 4/8 0.5625 6/8 22/8 14/8 6/8 2/8 10/8 18/8
18 5/8 0.421875 7/8 23/8 15/8 7/8 1/8 9/8 17/8
17 6/8 0.265625|N7 Hh3
16 7/8 0.125
15 8/8 0
14 9/8 -0.109375|
13 10/8 -0.171875|
12 11/8 -0.203125
11 12/8 -0.203125
10 13/8 -0.171875
9 14/8 -0.125[N8 Hh4
8 15/8 -0.0625
7 16/8 0
6 17/8 0.046875
5 18/8 0.078125
4 19/8 0.109375
3 20/8 0.109375
2 21/8 0.09375
1 22/8 0.0625|N9 Hh5
0 23/8 0.03125

Figure 5: 24 FIR Coefficient Selection

Vertical coefficients are selected in a similar way, based on the relative y distance between the outgoing pixel and the
corresponding input pixels.
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Filter Coefficient Selection Approach A: Automatic FIR Mode

If Automatic FIR mode is selected, then the firmware “pre-loads” a single horizontal FIR LUT and a single vertical FIR LUT
based on the smallest horizontal scale factor and the smallest vertical scale factor respectively in the current correction coordinate
settings. Table 3 below shows that 1 of 10 tables are pre-loaded based on the scale factors.

WTEntry 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 2 2 23
Scale Factor\Pixel Distance  23/8 22/8 21/8 20/8 19/8 18/8 17/8 16/8 15/8 14/8 13/8 12/8 11/8 10/8 9/8 8/8 7/8 6/8 5/8 4/8 3/8 2/8 1/8 0/8

5<0.4| 0.03125| 0.046875| 0.0625| 0.0625| 0.078125| 0.09375] 0.109375)  0.125| 0.140625| 0.140625| 0.15625| 0.171875| 0.1875| 0.1875 0.203125| 0.21875) 0.21875| 0.234375| 0.234375| 0.265625 0.28125| 0.296875| 0.296875|  0.3125
0.4<=5<0.5| -0.03125| -0.01563| -0.01563 0| 0.015625) 0.03125| 0.046875| 0.078125| 0.09375|  0.125] 0.140625| 0.171875 0.1875| 0.21875| 0.234375 0.25| 0.28125| 0.296875| 0.3125| 0.328125) 0.359375| 0.34375|  0.375| 0.34375
0.5<=5<0.6] -0.09375| -0.09375| -0.09375| -0.07813| -0.0625| -0.04688| -0.01563 0| 0.03125| 0.0625| 0.09375] 0.140625| 0.1875| 0.21875| 0.265625 0.265625| 0.34375|  0.375| 0.40625| 0.4375| 0.46875] 0.484375] 0.46875| 0.46875
0.6<=5<0.7| -0.07813| -0.10938| -0.125| -0.125| -0.14063| -0.125 -0.10938 -0.07813| -0.0625| -0.01563| 0.015625| 0.0625|  0.125] 0.1875 0.25| 0.296875|  0.375| 0.453125| 0.515625| 0.5625| 0.609375| 0.609375|  0.625 0.5625
0.7<=5<0.8 0| -0.01563| -0.0625| -0.09375| -0.125| -0.14063| -0.15625 -0.15625| -0.14063 -0.125| -0.07813| -0.03125| 0.015625| 0.09375| 0.1875| 0.28125| 0.359375| 0.453125| 0.546875|  0.625| 0.703125| 0.734375 0.75 0.75
0.8<=5<0.9 0.078125| 0.0625 0.03125 0| -0.03125| -0.07813| -0.125| -0.17188| -0.17188| -0.17188| -0.15625 -0.125| -0.0625 0| 0.078125| 0.203125| 0.296875 0.40625| 0.515625|  0.625| 0.703125| 0.78125| 0.84375) 0.9375
0.9<=5<0.93| 0.09375| 0109375 0.09375| 0.078125| 0.046875 0| -0.03125| -0.09375| -0.125| -0.15625| -0.17188| -0.17188| -0.14063| -0.07813 0| 0.09375| 0.21875| 0.34375| 0.46875) 0.59375| 0.703125| 0.78125 0.84375 1
0.93<=5<0.96] 0.03125| 0.0625| 0.09375| 0.109375| 0.109375| 0.078125| 0.046875 0| -0.04688| -0.10938| -0.15625| -0.1875| -0.1875| -0.15625| -0.09375 0|  0.125| 0.265625| 0.421875| 0.578125| 0.71875| 0.859375| 0.9375 1
0.96 <=5 <1.00 0 0 0| 0.015625| 0.015625| 0.015625| 0.015625 0| -0.01563| -0.04688| -0.07813| -0.10938  -0.125| -0.10938 -0.0625 0| 0.09375| 0.234375| 0.40625| 0.59375| 0.78125 0.90625| 0.96875 1
5>=1.00 0 0 0 0 0 0 0| -0.01563| -0.03125| -0.04688| -0.0625| -0.0625| -0.04688| 0] 0.078125| 0.203125|  0.375| 0.546875| 0.71875|  0.875| 0.96875 1

Table 3: Automatic FIR Filter Selection

Filter Coefficient Selection Approach B: Single Programmable Table Download

A user may elect to download a single Horizontal FIR LUT and a single vertical FIR LUT for use in all cases. The Mesh4K
application aids in the creation and download of these tables.
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Filter Coefficient Selection Approach C: Scale Factor Mode:

If scale factor mode is enabled, 1 of 64 tables (each with 24 Horizontal FIR coefficients) is dynamically selected based on the
immediate horizontal scale factor, and 1 of 64 tables (each with 24 Vertical FIR coefficients) is selected based on the immediate
vertical scale factor. The scale factor is automatically calculated as shown in Figure 6 below.

O Output pixels with respect to input pixel space

AS,O

Lineo [OPO0 4OP10
0,0
IP0O,0 IP1,0 IP2,0 IP3,0 IP4,0
IPO,1 IR1,1 P21 IP3,1 IP4,1
IPO,2 IPlZ?IP2,2 IP3,2 P 4,2

0,3%

Line 1 \ OPO, 1 \{ OP1,1

Figure 6 Automatic Scale Factor Calculation

5,3

Immediate horizontal scaling ratio OP 0,0 >> OP 1,0
= (difference in x value in output space) / (difference in x value in input space)
=(1-0)/(1.5-1.0)=2.0

o<

Immediate vertical scaling ratio OP 0,0 >> OP 0,1
= (difference in y value in output space) / (difference in y value in input space)
=(1-0)/(2.0-0.5) =0.667

The FIR coefficient table (FIR TBL#) is selected in real-time based on the calculated scale ratio (SR), per the Table 4 below.
There are 64 horizontal FIR tables and 64 vertical FIR tables.

Scale Factor Mode with Diagonal
Compensation

PR csr | she | 7™ | <sm | she | ™ <cssm | oshe | | <sm | osae . . .

TBLE TBLE T8LE TBL% The actual H or V distance in the input space
0 | 2.0000 16 | 06667 | 0.7273 | 32 | 4000 | 04103 | 48 [ 0.2857 | 0.2909 : ; ;
1 | 17778 | 20000 | 17 | 0.6400 | 0.6667 | 33 | 0.3902 | 0.4000 | 43 | 0.2807 | 0.2857 (see Figure 5,) 1S typ_mally larger due to both
2 | 16000 [ 17778 | 18 | o0.6154 | 0.6400 | 24 | 0.3810 | 0.3%02 | so | o.2759 | o.2s07 x and y delta’s. This can be compensated for
3 | 14545 | 1.6000 | 19 | 0.5926 | 0.6154 | 35 | 0.3721 | 03810 | 51 | 02712 | 0.2759 via the diagonal compensation. Four (4)
4 1.3333 1.4545 20 0.5714 | 0.5926 36 0.3636 | 0.3721 52 0.2667 | 0.2712 angles can be defined for both horizontal and
5 | 12308 | 13333 | 21 [ 05517 | 05714 | 37 [ 03556 | 03836 | 52 | 0.2623 | 02667 ical scale factors to essentiallv reduce the
6 | 11429 [ 12308 | 22 | 05333 | 05517 | 38 | 0.3478 | 0.3556 | 54 | 0.2581 | 0.2623 vertical scale . y
7 | 10667 | 11429 | 23 | 05161 | 0.5333 | 39 | 0.3404 | 0.3478 | 55 | 0.2540 | 0.2581 scale factor by accounting for a larger length
8 | 1.0000 | 1.0667 | 24 | 0.5000 | 05161 | a0 | 0.3333 | 0.3a04 | s6 | o.2s00 | n.2san in the input space.
9 | 09412 | 10000 | 25 | 04838 | 05000 | 41 | 0.3265 | 03333 | 57 | 0.2462 | 02500

10 | ossss | 0.9412 | 26 | 0.4706 | 0.48ss | 42 | 0.3200 | 0.3265 | 58 | 0.2424 | 0.2462 . . .

11 | 0821 | 088s9 | 27 | 0as7i | oaos | a3 | 03137 | 032 | 59 | 02388 | 0.2424 Figure 7 defines the angles to select diagonal
12 | 08000 | 0.8421 | 28 | 0.4444 | 04571 | a4 | 03077 | 03137 | 60 | 0.2353 | 0.2388 compensation for the horizontal scale factor.
12 | 07619 | 08000 | 29 | 04324 | 04444 | a5 | 03019 | 03077 | 61 [ 0.2319 [ 0.2353 Each angle defines a region with a

14 | 07273 | 07619 | 30 | 04211 | 04324 | a5 | 0.2963 | 03019 | 62 | 0.2285 | 0.2319 : :

15 | 06957 | 0.7273 | 31 | 04103 | 04211 | 47 | 0.2909 | 0.2963 | 63 | 0.2254 | 0.2286 programmable diagonal compensation

Table 4 FIR Table selection based on Scale factor

constant. These regions are symmetric about
the horizontal axis. The maximum horizontal
angle should >50 Degrees to account for the
maximum horizontal warp (see
Warping/Resizing Limitations).

Table 5 (on the right) shows typical angle values and the corresponding diagonal

compensation constant (DCC) for regions A, B, C, and D. Both the angle and the Angle (a)
compensation constants are programmable. The DCC is applied to the calculated scale Region (Deg) Dec
factor, prior to selecting a FIR table. For horizontal or Vertical angle (a) = 0, the diagonal A 0<a=<=20 | 100
compensation constant is set to 1. B 20<a<=30 | 051
C 30<a<=40 0.83
D A0<a<=55 0.71

If diagonal compensation is enabled and using the values of Table 3, we see that OP 1,0 is at
a 45° with respect to OP 0.0 [Tan"}(0.5/0.5) = 45°] an therefore falls in Region D. Without
the diagonal, the scale ratio was 2.0. With the Region D diagonal compensation of 0.710, the

new scale ratio is 2.0 * 0.710 = 1.420.

Table 5 Diagonal Compensation
angles and constants
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Figure 8 shows the similar diagonal compensation in the vertical domain. In the case of OP 0,1, we see that the angle is
Tan™(1/3) = 18.4°. This falls in Region A, so the DCC is 1 and the new scale ratio is ).667 * 1 = 0.667 (no change).

Figure 7 Diagonal Compensation (Horizontal) Figure 8 Diagonal Compensation (Vertical)
< m O o)
@ o 2 @
g 2 2 ©
< < < £
A A A
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Per-pixel gain adjustment (for blending area):

Each outgoing pixel may require a per-pixel gain adjustment (PPGA) to
facilitate edge blending of multiple projectors, or to improve overall
uniformity.

There are 2 ways to set up pixel gains for blend areas

1. Downloadable maps: Downloadable PPGA maps contain an 8-bit gain for

each pixel in the active output area. The gain map uses a .png file format. ‘
Figure 9 on the right shows a PPGA map consisting of a Westar logo,
applied to a 4K x 2K test image. This approach is typically used in
automated warp and blend approaches.

2. Rectangular gradients: Using Mesh4K, a user can set up to 4 rectangular
areas (typically top, bottom, left, right) where the intensity value degrades
from 1 to 0. Each rectangle is fully programmable. The rectangle area
border can be various colors, to help with manual alignment and blend.
Figure 10 shows 4 rectangular gradients applied to an image, each with a
white border.

Figure 9. Image with PPGA file applied

Not-a-Number (NaN) Support

When using Native Correction Coordinates, the Warper4K allows a Not-a-
Number coordinate(s). A special algorithm calculates a well-behaved Figure 10. Rectangular gradients applied
coordinate to ensure the warp engine does not violate any warping

constraints. Any rectangular area that includes a NaN coordinate is “blanked” in the output, to avoid any visual artifacts. Figure
11 shows a warped image that included NaN native correction coordinates.

Figure 11. Image with NaN regions “blanked”
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Per-pixel bias adjustment (for uplift after blending):

Each outgoing pixel may require a per-pixel bias adjustment to facilitate pixel uplift after edge blending. Each pixel is mapped to
1 of 16 regions. Each region has individual R, G, B bias adjustments based on the color intensity level. The region map uses a
.png file format. Built-in filtering smooths any pixel-to-pixel variations in bias.

Per-pixel gain adjustment (for uniformity):

Each outgoing pixel may require an independent R, G, and/or blue gain adjustment to facilitate uniformity across the entire
projector. The Warper4K facilities uniformity via a lattice of RGB gain points, each with a gain setting for 100%, 50%, and O-
25% intensities. Gains are interpolated at each lattice point between 100% and 50% intensity, and between 50% and 25%
intensity. For intensities between 0% and 25%, the lattice point gain is equal to the 25% setting. Each pixel RGB gain is then
interpolated between the 4 nearest neighbor lattice points.

Figure 12 depicts the per pixel uniformity gain approach.

Lattice grid LUT . . .
RGB gain
(or gain/bias)
values based on ® L o
location and
intensity . . .

1

Gain
(or Gain/Bias) | Pixel x, y RGB gain

Pixel x, y coordinate Calculator (or gain/bias)
\ > Location ' _—
Pixel x, y uniformity-corrected RGB Value
“:> Intensity |:“>
: )

Pixel x, y RGB Value

Figure 12 Uniformity corrected pixel

Up to 45x26 lattice points are available for 2560x1600 and 4K horizontal resolutions.
Up to 18x14 lattice points are available for resolutions <2K (1080P).

Alternate Approach: Per-pixel gain and bias adjustment (for uniformity):

The 0-25% RGB gain point (described above) can alternately be a bias. In this case, the Warper4K facilitates a lattice of RGB
gain/bias points, each with a gain setting for 100% intensity, a gain setting for 0-50% intensities, and a bias value for all
intensities.

The RGB gains are interpolated at each lattice point for intensities between 100% and 50%. For RGB intensities from 0 to 50%,
each RGB lattice point gain is set to the 50% intensity gain setting.

Per pixel gains and bias are then interpolated between the 4 nearest neighbor lattice points

Up to 45x26 lattice points are available for 2560x1600 and 4K horizontal resolutions.
Up to 18x14 lattice points are available for resolutions <2K (1080P).

Display Gamma LUT’s

A display gamma LUT is used to match the gamma of the output display device. Each RGB color has a 10 bit in / 16 bit out LUT.
These LUTs may be bypassed.

Warper4K 1/0O timing:

In normal operation, the Warper4K does not re-time video. The input timing is automatically measured and replicated on the
output timing. For the creation and download of native correction coordinates, the user must define the active resolution
(horizontal pixels x active lines) in order to determine the required map size. For mesh correction techniques (forward and
inverse), the active area is automatically determined and meshes are re-calculated based on the active area size. Pixels rates up to
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600Mbytes/sec are supported. Some “portrait” type resolutions are NOT supported. Table 6 below shows some resolutions and
whether they are supported (YES) or not supported (NO). Please contact the factory for your specific timing.

Timing YES NO Timing YES NO
3840x2160/60Hz v 1440x2560/60Hz v
3840x2160/30Hz v 1920x1080/60Hz v
2560x1600/60Hz v WXGA v
2560x1440/60Hz v SXGA v

Table 6: Supported Resolutions
Warper4K Custom I/O timing:

The Warper4K can re-time video in some cases. This requires coordination directly with WDT. The re-timing is made selectable
for the user from the Mesh4K GUI. Not all —re-timings are possible. Some typical re-timings include: 1080P >> 4K and
2560x1600 >> 4K. If a re-timing mode is selected, then all Warp adjustments are performed in the output resolution.

Video rotation “prior” to warping is possible via a custom I/O timing. Contact the factory for your specific requirement. For
example, 1080P (1920x1080) can be rotated to 1080x1920, then re-timed (and warped) to 1440x2560.

Warper4K Support:

API and Wink: The API provides a programmer’s interface to the Warper4K. The API includes complete descriptions of all
programming features and all correction file formats. The API is Windows based and uses a USB or Ethernet interface. Wink is
an application that utilizes all features of the API. Wink can control Warper4K settings, download correction and alpha files, and
view Warper4K status. Wink also serves as sample code for customers that need to integrate the Warper4K API into their
software.

Mesh4K Utility Software: Mesh4K utility software is useful for manually creating, viewing, editing, and downloading geometric
corrections. Mesh4K supports real-time adjustments of mesh coordinates via a graphical user interface. Mesh4K is also useful for
adjusting the FIR values, viewing and editing “after blend” pixel uplift (bias) values, viewing and editing display gamma values,
viewing and editing display uniformity values, and creating test patterns via the 8-bit rectangle descriptors.

Control interface: USB 2.0 or 10/100 Ethernet configured with either Static or Dynamic IP address.

1/0 channel Timing Measurement and Status: Each channel has measurement circuits on both the input and output. Wink
provides a window displaying the timing per channel, as shown in Figure 13 on the next page. Other status bits are also available
per channel.

EDID: Many image generators rely on display EDIDs to obtain critical data on the display’s capability. Each channel has an
EDID prom that can be programmed from the Wink utility software.

Test Patterns:

OSD 8-bit rectangles: The Warper4K supports the download of 8-bit per pixel rectangle descriptors. The descriptor includes
rectangle size, rectangle fill color, border size and border color. The 8-bits per pixel select 1 of 256 24-bit RGB colors stored in
an internal palette. This allows very fast generation of test patterns that are critical for calibrating geometric correction when test
patterns cannot be supplied via the input video path. Instead, test patterns (via a series of rectangle descriptors) are downloaded to
the unit and written into Warper4K OSD memory. These test patterns are applied prior to warping. Timing is derived from
incoming video via the video capture block.

Full-screen test patterns: 30-bit test patterns can be downloaded for full screen, true color test patterns. These test patterns are
applied to frame memory prior to warping. Timing is derived from incoming video via the video capture block.

Built-in test patterns: The Warper4K supports built-in test patterns, including color bar, ramp, fill, checker board, window,
cross hatches, border, focus (T patterns), moving (sliding) bar, and horizontal or vertical stripes. These test patterns are applied at
the input, prior to warping, using timing derived from the video capture block. Please consult Westar for details.

Programmed Color: Each Warper4K output channel also has programmable flood field at the last output stage (post-warp and
post color/uniformity adjustments). This flood field is useful for projector setup.
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A% Wink - New - m| X
File  Help
Show Connected WAKs | |SN:00205,10.8,USB | Disconnect Read Al Seftings
Wamping Alpha Line Delay Lane Speed FIR FIR Diagonal Bias Uniformity EDID  Output Color  Custom Redimings ~Measurements  About Unit  Cument Status
Channel 1: Channel 2:
Input:  1920x1020&60Hz Input:  3840x2160@60Hz
Cutput: 1440 2560@60Hz Output:  3840x2160@60Hz
Input Horizontal Input Horizontal
Active: 1520 pixels Active: 3840 pixels
Total: 200 pixels Total: 4400 pixels
Back Porch: 148 pixels Back Porch: 256 pixels
Sync Width: 44 pixels Sync Width: 88 pixels
Front Porch: 88 pixels Front Porch: 176 pixels
Sync Polarty:  Positive Sync Polanty:  Posttive
Input Vertical Input Vertical
Active: 1080 lines Active: 2160 lines
Total: 1125 lines Total: 2250 lines
Back Porch:  36lines Back Porch:  72lines
Sync Width: Blines Sync Width: 10lines
Front Porch: 4 lines Front Porch:  Blines
Sync Polarty:  Positive Sync Polanty:  Positive
Input Clock: 148.5 MHz Input Clock: 55939 MHz
Frame Rate: 59.99 Hz Frame Rate: 59.99 Hz
Output Horizontal Output Horizontal
Active: 1440 pixels Active: 3840 pixels
Total: 1500 pixels Total: 4400 pixels
Back Porch: 16 pixels Back Porch: 288 pixels
Syne Width: 16 pixels Sync Width: 88 pixels
Front Porch: 28 pixels Front Porch: 184 pixels
Sync Polarty:  Positive Sync Polanty:  Posttive
Qutput Vertical Output Vertical
Active: 2560 lines Active: 2160 lines
Total: 3100 lines Total: 2250 lines
Back Porch:  472lines Back Porch:  72lines
Sync Width:  5lines Sync Width: 10 lines
Frant Porch: 63 lines Front Porch:  Blines
Sync Polarty:  Positive Sync Polanty:  Positive
Output Clock: Z79.1 MHz Output Clock: 5539 MHz
Frame Rate: 60.02 Hz Frame Rate: 59.99 Hz

Figure 13: Per channel Timing Measurements (in Wink Application)

Determining Correction Coordinates:

The user determines appropriate mesh values or correction coordinates (and possibly gain and bias values) for the Warper4K.
Westar works with industry-leading multi-projector display companies to help them utilize the Warper4K in their multi-projector
display solutions. The Mesh4K utility software can aid in the warping process by supplying graphic mesh points for the user to
move in the input space (inverse mesh) or the output space (forward mesh). Our support engineers are available to help
customers.

Vertical Delay / Latency Analysis:

The Warper4K allows the user to program sufficient output delay to avoid image tearing, while ensuring the minimum video
latency.

Video Latency is the programmed vertical delay (in integer # of lines). This delay is programmed by the user, and must account
for: a) 1.25 msec delay required for internal memory access, and b) maximum # of lines of vertical warp.

A typical programmed vertical delay is:
120 lines for internal memory access + 200 lines (maximum vertical warp) = 320 lines total.
Please contact Westar if you need help determining an appropriate line delay.
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Warping/Resizing Limitations:
The maximum horizontal warp is +/- 50 degrees. Please refer to Figure 14 below for a pictorial representation of warper
horizontal warp limitations.

CC(0,0)= (1.5,2.5)

Picel [0,0]
CC(1,0)= (5.5 3.0}
| ;
LA /
Slope of honzontal next grid b 1 .
must be less than +/- 50 degrees. x / y
i
Tan™' ((3-2.5)(5.5-1.5) =
Tan" 0.125=7 degrees Good --I__::'T- - l
Tan" ((7.52.5)(4.5-1 5} = S i
Tan"' 1.67 = 59 degrees Bad E
N
AN
W
L. |
y
[ w
..--""'"ﬂ

CC(1,0)= (45,7.5)

Figure 14: Maximum Horizontal Warp

The maximum vertical warp is +/- 45 degrees. Please refer to Figure 15 below for a pictorial representation of warper vertical
warp limitations.

Pixel [0,0] CC(0,1)= B.5 6.5)
| CC (0.0)= (1.5, 2.5)

Slope of vertical next grid must be * / !
lesz than +/- 45 degrees. / I
Tan™ 0.6= 31 degrees Good !
Tan"' 1.25=51 degrees Bad Ty
-2 | |
\\ i . J
\“k "~

CC (0,1)= (45, 7.5

Figure 15: Maximum Vertical Warp

Any vertical re-sizing must be greater than 0.3 and any horizontal re-sizing must be greater than 1/8.
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Warper4K Applications

Application #1: General Purpose Projector Warping

The Warper4K can perform warping and edge blending prior to your projector. Figure 16 below shows a 3840x2160 image (from
an IG channel) that is re-shaped by the Warper4K based on a user defined 2x2 inverse mesh into a new 3840x2160 image.
Because mesh coordinates (0,0) and (1,0) are “outside” the active area, the output image is reduced.

Mesh 0,0 Mesh 1.0

Located at (-256, -256) Located at (+4096 -256)

Mesh 0,1 Located at (0,2160) Located at (3840,2160) Mesh 1.1

. After Warp
Prior to Warp

Figure 16: General Purpose Warping, inverse mesh
Figure 17 shows a 3840x2160 image (from an IG channel) that is re-shaped by the Warper4K based on a user defined 9x9

forward mesh. Forward mesh points are fixed in the input space and may be placed inside or outside the output active area. In the
case below, all mesh points remain in the output active area.

Prior to Warp After Warp

Figure 17: General Purpose Warping, forward mesh

Please contact Westar if you’d like to discuss specific details about forward or inverse meshes.
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Application #2: Processing video intended for projector into video for IOS monitor:

Images may be rendered in the image generators for the intended projectors. This video may not be suitable for display on a
regular desktop monitor or IOS monitor. The Warper4K can perform geometric correction to converted projector video into
video more suited for desktop monitor display.

In Figure 18 below, (2) 2560x1440 images are rendered by IG’s and sent to projectors. The images are rendered sideways, so that
the 2560x1440 projectors can be mounted sideways. The images include overlapped data for edge blending, and a trapezoidal
look based on the projector and screen geometries. While these images help create an outstanding multi-projector out-the-
window view, the images are not suitable for display on an 10S (trainer) monitor.

A
D (¢ westar

The Warper4K can take each of the feeds, trim out the duplicate data, and “undo” the trapezoidal shape for each of the (2)
projector feeds. A Westar EZwindow4K is then used to rotate and combine the 2 slices into (1) 4K feed that can be displayed on

C D
B E
A F

DisplayPort 2880 x 2560 sized to a 2430x2160
window within 3840x2160 (to maintain aspect
ratio)

10S monitor shows “re-created” projected image
the (2) IG feeds.

EZwindow4K-DDDDM?2

DisplayPort
2560 x 1440 ﬁ

>0

li

DisplayPort

R 1
AQLLILL
i

WarperdK

DisplayPort ﬁ
2560 x 1440

>m0

Left 1G

DisplayPort ﬁ
2560 x 1440

\

Aw-

>0
MmO

Right IG

Original projected image from (2) side-mounted
projectors. Image is pre-warped in the IG

Figure 18: Unwarping IG channels for IOS Monitor

Application #3: Warping for Head-Mounted Displays (HMD):
A Warper4K 1/0 channel can provide warping for video as required for a specific HMD and its user. A pre-determined warp mesh can

be downloaded per HMD and/or user.
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Warper4K

Warper4K Specifications

Table 7 below summarizes the Warper4K specifications.

Input / Output Specifications (Subject to change without notice)

Electro Mechanical

Processing B/W
Latency

Functional

Warranty

Video Type

Pixel Rate

Standard resolutions
Input Power

Control

Size

Weight

Warping

Re-timing
Rotation

Vertical Re-size
Horizontal Re-size

Pixel Calculation

Color Depth
Edge Blend Support

Uniformity

Specialty Features

Each Warper4K delivery includes:

DisplayPort 1.2
65 to 600 MPixels/sec
up to 2560x1600 at 120 Hz, 4096x2400 at 60 Hz (see Table 6)

IEC Connector, 100-240 VAC, 47-63 Hz, 150 Watts Maximum Input Power

USB 2.0, Ethernet (10/100)

19”W x 13.75”D x 1.75”H (1U rackmount)

Less than 7 Ibs.

Each incoming frame is processed with no frame dropping.

Programmed vertical delay (in lines). User programs vertical delay to 1.25 msec (converted to lines)
plus worst case vertical warp (in lines) to avoid image tearing while maintaining minimum latency.

Maximum horizontal warp is +/- 50 degrees

Maximum vertical warp is +/- 45 degrees

Forward Mesh, Inverse mesh sizes are 2x2, 3x3, 5x5, 9x9, and 17x17

User may also directly load correction coordinate grid with 32 pixel spacing for active horizontal
resolutions >= 2048, and 16 pixel spacing for active horizontal resolutions < 2048

All correction approaches distill into a correction coordinate grid.

Correction coordinates map outgoing pixel to input space, with 1/8 pixel resolution

Typically output timing is identical to input timing. Limited re-timing is possible. Contact the
factory for re-timing possibilities.

Warping limitations may be overcome using a video rotation prior to the warp engine. Please contact
the factory for a conversion requiring video rotation.

Must be > 0.3

Must be greater than 1/8

24 tap horizontal and 24 tap vertical FIR filter used to process a 6x6 nearest pixel array on 1/8 pixel
boundaries. (see Figures 4 and 5)

10 bits per color I/O. Internal color processing is 12 bits per color

8 bit per pixel gain via image file, or 4 programmable rectangles for top, bottom, left, right gradients.
Per pixel bias for “uplift” after blending

Per pixel gain (or gain and bias) calculated from a programmable lattice of gain and bias values.
Used to correct for uniformity.

Display Gamma LUTSs

Built-in or downloadable test patterns for alignment

Control interface via USB 2.0 or 10/100 Ethernet configured with either Static or Dynamic IP address
Programmable EDID for each input channel

1/0 timing measurements for integration support

One year

Warper4K unit configured with 1/O channels as ordered, rack-mount ears, IEC power cable with US
plug, USB cable, and a flash drive containing:

Warper4K API (Windows)

Wink Software and Source code

Mesh4K Utility Software

Warper4K User’s Manual

Table 7 WarperdK Specifications
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Ordering Info / Notes:

Figure 19: Warper4K Back Panel

The Warper4K is ordered as follows:
Warper4K-DPx, where x is the number of 1/0 channels.

Example: Warper4K-DP5
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