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5D1 H264 Encoder with 4-Channel A/V Decoder and

12 Channel External VD Inputs for Security Applications

The TW5864 is a H.264 encoder solution with
integrated 4-channel analog A/V decoders.
TW5864 can be used as a low cost single chip
solution for 4-channel H.264 hardware
compression PC cards, or 16-channel cards by
using additional external TW2866 chips. There are
3 versions of TW5864 that can support no
external video decoder (TW5864A), 4 channel
external video decoders (TW5864B), and 12
channel external video decoders (TW5864C).
TW5864 can also be used in embedded DVR
applications as an AV front-end chip with H264
encoding capability. It can work with existing
H.264 hardcore or DSP based CODECs. In existing
H264 CODECs, performance may be limited due
to limitation in both memory bandwidth and
hardware resources. With the H.264 encoder built
in at the front-end, the number of encoding
channel supported scales with number of
TW5864 chips used. The front-end H264 encoder
offloads the processing from the backend CODECs
to allow higher port count support and allows DSP
resources saved and reserved for product
differentiation features such as video analytic
intelligence.

The TW5864 features H.264 baseline level 3
compliant encoder capable of performing up to 5
D1 equivalent video encoding (125 fps for PAL
and 150 fps for NTSC), 17 channel G.726 ADPCM
hardware audio encoder with one channel for two
way audio communication. The H.264 video
encoder supports dual-bitstream compression for
both local storage and network port outputs. It
also features a motion JPEG encoder for up to 25
frames per second shared among all video
channels.

The TW5864 integrates 4 A/V decoders. It has 4
CVBS analog inputs fed into four internal high
quality NTSC/PAL video decoders. In addition, it
has 3 digital BT. 656 input, running up to 108
MHz, capable of receiving up to 12 D1 video
channels from external multi-channel video
decoders such as TW2866 / TW2867. This allows
the TW5864 to

support a total of 16 video input channels. The
video streams from both on-chip/off-chip video
decoders are fed into H.264 encoder as well as to
external interfaces for preview purpose. The
preview stream can go through either four BT. 656
video output interfaces or PCI interfaces. The four
BT 656 ports support both multi-channel byte or
line interleaved output to interface with various
external display solutions.

The TW5864 has built-in de-interlacers and OSDs
before encoding is performed. There are also 16
sets of motion detection / night detection / blind
detection engine for channel alarm notification. In
addition, the hardware encoder generated motion
information of each channel is accessible to the
external CPU for analytic purpose. TW5864 also
integrates many sets of scalers for each of the
H264 encoder, MJPEG, and preview paths. Each of
these scalers is independently configured.

The TW5864 provides both asynchronous host
interface and PCI interface for external CPU
control and bitstream upload. The PCI interface
can run at 33 or 66 MHz.

Analog Video Decoder

e 4 CVBS analog inputs fed into 4 sets of video
decoder accept all NTSC(M/N/4.43) / PAL
(B/D/G/H/I/K/L/M/N/60) standards with auto
detection

o Integrated video analog anti-aliasing filters and
10 bit CMOS ADCs for each video decoder

e High performance adaptive 4H comb filters for
all NTSC/PAL standards

o |[F compensation filter for improvement of color
demodulation

o Color Transient Improvement (CTI)

o Automatic white peak control

e Programmable hue, saturation, contrast,
brightness and sharpness

o Proprietary fast video locking system for non-
real-time application

e Noise Reduction to remove impulse noise

Digital Input Ports
e Three BT. 656 ports, each running at 108 MHz,
directly interfaced with 3 external TW2866s
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o Byte-interleaving supports 4 channels each port

— Interlaced D1 interface at 60 / 50 fields per
second

— Progressive D1 interface at 30 / 25 frames
per second

¢ Pre-processing

o Per channel triple high performance
downscalers of each channel scales
independently for H264, JPEG and preview
output

e Per channel motion detector with 16 X 12 cells

— Single Box
—  1-bit per pixel text
—  12-bit per pixel bitmap

¢ Digital Output Ports

o Preview video for external display chips

e Four BT. 656 ports for preview raw video output

¢ Byte-Interleaving interlaced D1 for all ports at 27
or 108 MHz

e Line-interleaving for the first 2 ports capable of
supporting mix of interlaced D1 and CIF format
at 27, 54, 81, or 108 MHz

H.264 Video Encoder

¢ H.264 baseline profile @ level 3 encoding

o Bit rate from 64 kbps up to 10 mbps each
channel

e Maximum 125 fps (PAL) or 150 fps (NTSC)

e Real-time 4 D1 / 16 CIF or non-real-time 16 D1
main stream encoding

o Real-time 4 CIF / 16 QCIF or non-real-time 16
CIF secondary stream encoding

e VBR / CBR controllable

o Configurable GOP interval

Digital Audio CODEC

e Hardware G.726 ADPCM encoder

e Encodes maximum of 17 channels, with 1
channel for two way communication

e Decodes 1 channel of audio for playback

e RTC for AV sync

DDR Interface

e Two 16-bit external DDR SDRAM memories
e Running at 166 MHz

e Total 256 MB up to 1 GB

o Auto refresh

Host Interface

o Configurable 32-bit asynchronous host interface
/ PCl interface

e PCI Interface runs as both initiator and target at
33/ 66 MHz

e Per channel night / blind detections

o Per channel de-interlacer to convert Interlaced
video into progressive before compression

e Per channel OSD for information overlay

e Motion vector granularity at full pel, %2 pel, and
Y4 pel

e Motion vector ranges [-256, +255.75]

o In-loop de-blocking filter

e CAVLC entropy coding

Video Analytic Interface

e Per MB type / motion information

e 16x12 cells motion detection information

e Accessible through PCI / Async Host Interface

Motion JPEG Encoder

o Maximum of 25 fps, shared among all channels

e Support picture sizes of D1, CIF, and half-D1

Analog Audio CODEC

¢ Integrated five audio ADCs and one audio DAC
providing multi-channel audio mixed analog
output

e Supports a standard 12S interface for record
output and playback input

e PCM 8/16 bit and u-Law/A-Law 8bit for audio
word length

e Programmable audio sample rate that covers
popular frequencies of 8/16/32/44.1/48kHz

e Video through PCI supporting various preview
resolution such as

- 2D1

- 1D1+4CIF

- 9CIF

- 16 QCIF

— 1D1+15QCIF

¢ |12C Interface for external Video Decoder chips
configuration
¢ IRQs and GPIOs

System Clock
e Single 27 MHz external crystal clock input
e 3 built-in PLLs for internal clock generation

Package

* 352 BGA
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Ordering Information

PART NUMBER PART PACKAGE PKG.
(NOTE 1) MARKING (Pb-free) DWG. #
TW5864A-BB1-CR | TW5864A BB1-CR 352 BGA V352.27x27
(27mmx27mm).

Bonding Option A

TW5864B-BB1-CR |\ TW5864B BB1-CR 352 BGA V352.27x27
(27mmx27mm).
Bonding Option B

TW5864C-BB1-CR |TW5864C BB1-CR 352 BGA V352.27x27
(27mmx27mm).

Bonding Option C

NOTE:

1. These Intersil Pb-free BGA packaged products employ special Pb-free material sets; molding compounds/die
attach materials and SnAg -e2 solder ball terminals, which are RoHS compliant and compatible with both SnPb
and Pb-free soldering operations. Intersil Pb-free BGA packaged products are MSL classified at Pb-free peak
reflow temperatures that meet or exceed the Pb-free requirements of IPC/JEDEC J STD-020.
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Functional Block Diagram
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Tw2866
16 Channels | Tw2866 TW5864
Video Input N 8661
[
T
Audio Input
FIGURE 3. TW5864C 16-CHANNEL PC CARD SOLUTION
DDR DDR
AV VI  Display VGA
——> HDMI
AV3 TW5864 process ——> vps
——> CVBS
H264
Decoder
AV4 —T 2 Tw2B66
T2 Twiged <« hlore
—> application
A7 — I S
—> - R
A8 T3 Twses «— PCI  MCU e
AVil— | 5
AVL2 Tw2866/
TW5864  <«-»|
AV15 v
FIGURE 4. TW5864C 16-CHANNEL EMBEDDED DVR SOLUTION
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Pin Diagram
TW5864 (352 BGA)
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FIGURE 5. TW5864 PIN DIAGRAM (BOTTOM VIEW)
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Pin Descriptions

Analog Interface

NAME PIN # TYPE DESCRIPTION
VIN1 B5 A Composite video input of channel 1.
VIN2 B4 A Composite video input of channel 2.
VIN3 B3 A Composite video input of channel 3.
VIN4 B2 A Composite video input of channel 4.
AIN1 D2 A Audio input of channel 1.
AIN2 D1 A /Audio input of channel 2.
AIN3 E4 A /Audio input of channel 3.
AIN4 E3 A Audio input of channel 4.
AINS E2 A /Audio input of channel 5.
AINN D3 A AINN
AOUT B1 A Audio mixing output.
FN7961 Rev.1.00 Page 10 of 201
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PCI Interface

NAME PIN# TYPE DESCRIPTION
AD14, AE14, AF14,
AC15, AD15, AE15,
AF15, AD16, AD17,
AE17, AF17, AC18,
AD18, AE18, AF18,
PCI_AD[31.:0] AE19, AE22, AF22, I/0  |PCl Address / Data Multiplexed Signals
AD23, AE23, AF23,
AC24, AD24, AE24,
AC25, AD25, AE25,
AF25, AC26, AD26,
AE26, AF26
PCI_CBE_N[3:0] AE16, ';?éa' AD22, I/0  |PCI Bus Command and Byte Enable Signals
PCI_PAR AF21 I/0  |PCI Parity Signal
PCI_SERR_N AE21 I/0  |PCI System Error Signal
PCI_PERR_N AD21 I/0  |PCI Parity Error Signal
PCI_STOP_N AC21 I/0  |PCI Stop Signal
PCI_DEVSEL_N AF20 I/0  |PCI Device Select Signal
PCI_TRDY_N AE20 I/0  |PCI Target Ready Signal
PCL_IRDY_N AD20 I/0  [PCl Initiator Ready Signal
PCI_FRAME_N AC20 I/0  [PCI Cycle Frame Signal
PCI_IDSEL AC17 I/0  [PCl Initialization Device Select Signal
PCI_CLK AF16 | PCI Clock Signal
PCI_REQ_N AC14 0 PCI Request Signal
PCI_GNT_N AF13 I/0  |PCI Grant Signal
PCI_INTA_N AE13 (0] PCI Interrupt A signal
PCI_RST_N AB24 | PCI Reset signal
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ASYNC Host Interface
Name Pin# Type Description
AE7, AD7, AC7, AF6,
AE6, AD6, AC6, AFS5, IAsynchronous Host Interface Address Bus
AE5, AD5, AF4
AS_ADDR[19:1 ’ ! ’ |
- [ ! AD4, AF3, AES3, Note: AS_ADDR[16:1] shared with PV_DATA2 /
AD3, AF2, AE2, AF1
’ ’ ’ ’ PV_DATA3
AE1 -
AS_CS AC8 | IAsynchronous Host Interface Chip Select
SYNC_CS AE8 | Sync port chip select
SYNC_CLK ADS8 | Sync port clock
AC12, AF11, AE11,
GPIO[7:0] AF10, AE10,AD10,| 1/0 (General Purpose IO
AF9, AE9
Endian Type of the Host Interface. This pin is has effect
only when the Asynchronous Host Interface mode is
ENDIAN_TYPE AD9 | used. (MODE_SEL = 0)
1: Big Endian, O: Little Endian
Data Bus Width of the Host Interface. This pin has effect
only when Asynchronous Host interface is used.
BUS_WIDTH AC9 | (MODE_SEL = 0)
1: 32 bit, 0: 16 bit
PCI Mode Select. 1: PCI, 0: Asynchronous Host
MODE_SEL AFS8 |
Interface
12C Data Signal. The 12C signal is master, and used to
2esep P2 /0 control the external TW286x video decoder chips only.
12C Clock Signal. The 12C signal is master, and used to
He_el P1 /0 control the external TW286x video decoder chips only.
IB R1 I/0  |ID Input signal
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Video Digital Interface

Name Pin # Type Description
G1, F1, G2, F2, G3, Video data of VD1 input in BT. 656 (Tie to ground if
VD1[7:0] 3 G4 F4 |
F3, G4, F TW5864A)
Clock of VD1 input BT 656 port (Tie to ground if
VD_CLK1 H1 |
TW5864A)
J1, K2, J2, H2, K3, Video data of VD2 input in BT. 656 (Tie to ground if
VD2[7:0] )3, H3. H4 |
y A3, TW5864A and TW5864B)
Clock of VD2 input BT 656 port (Tie to ground if
VD_CLK2 K1 |
TW5864A and TW5864B)
M1, L1, N2, M2, L2, Video data of VD3 input in BT. 656 (Tie to ground if
VD3[7:0] N3. M3. L |
3,M3, L3 TW5864A and TW5864B)
Clock of VD3 input BT 656 port (Tie to ground if
VD_CLK3 N1 |
TW5864A and TW5864B)
PV_DATAO[7:0] Tl’Jg’ijji’ l\ﬁévj" 0 Video data of preview output port O in BT. 656
PV_CLKO Y1 0 Clock of preview output port O
PV_DATA1[7:0] :;éAAAé'iA:géAfgé 0 Video data of preview output port 1 in BT. 656
PV_CLK1 AD1 0 Clock of preview output port 1
AE1, AF1, AE2, AF2 Video data of preview output port 2 in BT. 656
PV_DATA2[7:0 ’ ’ ’ ! (0]
- [7:0] AD3, AE3, AF3, AD4 Note: AS_ADDR[8:1] shared with PV_DATA2
PV_CLK2 AE4 0 Clock of preview output port 2
AF4. AD5. AE5. AF5 Video data of preview output port 3 in BT. 656
PV_DATA3[7:0 4 4 ! ! 0
- [7:01 AC6, AD6, AEG, AF6 Note: AS_ADDR[16:9] shared with PV_DATA3
PV_CLK3 AF7 0 Clock of preview output port 3
FN7961 Rev.1.00 Page 13 of 201
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Audio Digital Interface

NAME PIN# TYPE DESCRIPTION

ACLKP AF12 I/0  |Audio I2S serial clock input/output of playback.
ASYNP AE12 I/0  |Audio I2S serial sync input/output of playback.
ADATP AD12 | )Audio 12S serial data input of playback.

ALINKI P3 | Link signal for multi-chip connection serial input

DDR SDRAM Interface

NAME PIN# TYPE DESCRIPTION
B10, Al11, B11,
A12,B12, A13,
B13, A14, B15,
DDRA_DQ[15:0] A16, B16, A17, I/0 |DDRA DRAM data bus.
B17, A18, B1S,
A19
A23, B23, C23,
D23, A24, B24,
DDRA_ADDR[13:0] C24, D24, B25, 0 DDRA DRAM address bus
C25, D25, B26,
C26, D26
DDRA_DQS[1:0] B14, A15 I/0 |DDRA DRAM Data Strobe
DDRA_DM[1.:0] A10, B19 0 DDRA Byte Mask
DDRA_BA[1:0] A26, A25 (0} DDRA DRAM bank selection.
DDRA_CS[1:0] A21,B21 0 DDRA DRAM chip selection.
DDRA_RASB c22 (0} DDRA DRAM row address selection.
DDRA_CASB B22 (0} DDRA DRAM column address selection.
DDRA_WEB A22 0 DDRA DRAM write enable.
DDRA_CLK B20 0 DDRA DRAM Clock Output
DDRA_CLKB A20 0 DDRA DRAM Clock Output
DDRA_CKE c21 0 DDRA Clock Enable
E25, F26, F25,
DDRB_DQ[15:0] G26, G25, H26, I/0 |DDRB DRAM data bus.
H25, J26, K25, L26,
FN7961 Rev.1.00 Page 14 of 201
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NAME PIN# TYPE DESCRIPTION
L25, M26, M25,
N26, N25, P25
U24,v26, V25,
W26, W25, W24,
DDRB_ADDRI[13:0] Y26, Y25, Y24, (0] DDRB DRAM address bus
AA26, AA25, AA24,
AB26, AB25
DDRB_DQS[1:0] J25, K26 I/0 |DDRB DRAM Data Strobe
DDRB_DMJ1:0] E26, R25 (0] DDRB Byte Mask
DDRB_BA[1:0] u26, U25 (0] DDRB DRAM bank selection.
DDRB_CS[1:0] N24, P24 (0] DDRB DRAM chip selection.
DDRB_RASB T24 (0] DDRB DRAM row address selection.
DDRB_CASB T25 (0] DDRB DRAM column address selection.
DDRB_WEB T26 (0] DDRB DRAM write enable.
DDRB_CLK R26 (0] DDRB DRAM Clock Output
DDRB_CLKB P26 (0] DDRB DRAM Clock Output
DDRB_CKE R24 (0] DDRB Clock Enable
Misc Interface
NAME PIN# TYPE DESCRIPTION
EXT_PCLK pin is used for internal testing only.
EXT_SYSCLK B6 /0 L
This pin should be left open
EXT_MCLK pin is used for internal testing only.
EXT_CLK81 A6 /0 L
This pin should be left open
XTI (27 MHz) D5 | Crystal (27 MHz) Clock Input
XTO D6 0 Crystal Clock Output
Test Pin 1. For internal testing only. This pin should
TP1 Cc6 /0
be left open.
Test mode enable. For internal use only.
TEST_EN R2 | .
Normally tied to O
RSTB R3 | System reset. Active low.
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Power / Ground Interface

NAME PIN # TYPE DESCRIPTION
VDDO C7,14,74, \L%Ig’:DAfg’ AB3, AC3, P |Digital power for output driver 3.3V
VDDI C8, €10, J4’A[\ID4:I’.:I1.-,3A;V:I?’3: AA3, AC22, P |Digital power for internal logic 1.2V
D7, D8, K4, M4, P4, R4, U4, V4, Y4,
VSS AA4, AB4, AB23, AC4, AC5, AC11, G |Pad / Core Ground
AC13, AC16, AC19, AC23
VDDVADC1 C5 P |Power for Video ADCO 3.3V
VDDVADC2 c4 P |Power for Video ADC1 3.3V
VDDVADC3 Cc3 P |Power for Video ADC2 3.3V
VDDVADC4 c2 P |Power for Video ADC3 3.3V
VSSVADC1 A5 G [Ground for Video ADCO
VSSVADC2 A4 G |Ground for Video ADC1
VSSVADC3 A3 G  |Ground for Video ADC2
VSSVADC4 A2 G [Ground for Video ADC3
VDDAADC E1l P |Power for Audio ADC 3.3V
VDDADAC C1 P |Power for Audio DAC 3.3V
VSSAADC D4 G |Ground for Audio ADC
VSSADAC Al G |Ground for Audio DAC
VDDSYSPLL B9 P |Power for Memory Clock PLL +3.3V
VSSSYSPLL A9 G |Ground for Memory Clock PLL
VDDCLK81PLL B8 P |Power for 81 MHz Clock PLL +3.3V
VSSCLKS81PLL A8 G |Ground for 81 MHz clock PLL
VDDSPLL a7 p Power Internal 108 MHz clock PLL
+3.3V
VSSSPLL A7 G |Ground Internal 108 MHz clock PLL
VDDDLL D14, H24 P |DLL Power +1.2V
VSSDLL C14,G24 G DLL Ground
VREFSSTL C12,C17,E24, )24 P SSTL Reference Voltage (1.25 V)
VSSRSSTL D12, D17, F24, K24 G [SSTL Reference Ground
vopo_ssr. | S3,CLLC13, 016,18 019,021 | o loor 1 poyer 425y
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NAME PIN # TYPE DESCRIPTION

VDD_SSTL C15, C20, E23, M24, V23 P |SSTL Core Power +1.2V

D9, D10, D11, D13, D15, D16, D18,
VSS_SSTL D19, D20, D22, F23, H23, K23, L24, G [SSTL1/0 / Core Ground
M23, P23, T23, V24, W23

Functional Description

The Techwell TW5864 features H264 base-line profile main stream encoding for up to 4 channel of D1 or 16
channels of CIF video content. In addition, TW5864 supports secondary stream encoding of up to ¥4 size of
each of the main stream channels. TW5864 also supports motion JPEG encoding. The encoded bitstream
are available through the PCI / Asynchronous host interface.

There are 4 video decoders embedded in TW5864 to support up to 4 analog video CVBS inputs. In addition,
there are 3 ITU-R BT. 656 digital ports to support up to 3 external TW2866 video decoder chips. The digital
input interface runs up to 108 MHz to carry up to 4 channels of video streams in byte-interleaved format. In
total, there are 16 video channels received by TW5864, with 4 in analog format, and 12 in digital format.

TW5864 supports 4 ITU-R BT. 656 output ports for preview purpose to an external display chip. The preview
ports also runs up to 108 MHz also, to support total of 16 D1 channel output. The preview ports support both
byte-interleaved and line-interleaved BT. 656 format for flexibility. In addition, the preview video can also be
available through the PCI interface for PC-card application.

For each of the input video channel, there is a set of motion detection module generating the motion / blind
/ night detection alert signal for external CPU. There are also 3 downscalers to downscale D1 video into Half
D1 (360x240) / CIF (360x120) and QCIF (180x120) size. Each of these picture sizes can be flexibly selected
into the preview output ports, the H264 encoder engine, the motion JPEG engine, or the PCI preview channel.

CVBS Video Input
FORMATS

The TW5864 has build-in automatic standard discrimination circuitry. The circuit uses burst-phase, burst-
frequency and frame rate to identify NTSC, PAL or SECAM color sighals. The standards that can be identified
are NTSC (M), NTSC (4.43), PAL (B, D, G, H, I), PAL (M), PAL (N), PAL (60) and SECAM (M). Each standard can
be included or excluded in the standard recognition process by software control. The exceptions are the base
standard NTSC and PAL, which are always enabled. The identified standard is indicated by the Standard
Selection (SDT) register. Automatic standard detection can be overridden by software controlled standard
selection.

TW5864 supports all common video formats as shown in Table 1.
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TABLE 1. VIDEO INPUT FORMATS SUPPORTED BY THE TW5864

FORMAT LINES FIELDS FSC COUNTRY
NTSC-M 525 60 3.579545 MHz U.S., many others
NTSC-Japan (Note 1) 525 60 3.579545 MHz Japan
PAL-B, G, N 625 50 4.433619 MHz Many
PAL-D 625 50 4.433619 MHz China
PAL-H 625 50 4.433619 MHz Belgium
PAL- 625 50 4.433619 MHz Great Britain, others
PAL-M 525 60 3.575612 MHz Brazil
PAL-CN 625 50 3.582056 MHz Argentina
sowm | s | so | 0omE [T fesom cuore Wade
PAL-60 525 60 4.433619 MHz China
NTSC (4.43) 525 60 4.433619 MHz Transcoding

NOTE:

1. NTSC-Japan has O IRE setup.

The analog front-end converts analog video signhals to the required digital format. There are six analog front-
end channels. Three channels are dedicated to analog video support. Every channel contains analog anti-
aliasing filter, clamping circuit and 10-bit ADCs. It allows the support of CVBS, S-video and YPbPr component
input signals for main or sub display. The other three channels are dedicated to YPbPr component video or
RGB input support. Every channel contains the analog clamping circuit, variable gain amplifier and high
speed ADCs. It allows three separate inputs to be connected simultaneously. A built-in line locked PLL is used

to generate the sampling clock for various inputs.

ANALOG FRONT-END

The TW5864 contains four 10-bit ADC (Analog to Digital Converters) to digitize the analog video inputs. The
ADC can be put into power-down mode by the V_ADC_PWDN register. The TW5864 also contains an anti-
aliasing filter to prevent out-of-band frequency in analog video input signal. So there is no need of external

components in analog input pin except ac coupling capacitor and termination resistor. 0 shows the frequency

response of the anti-aliasing filter.
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FIGURE 6. THE FREQUENCY RESPONSE OF THE VIDEO INPUT ANTI-ALIASING FILTER
DECIMATION FILTER
The digitized composite video data are over-sampled to simplify the design of analog filter. The decimation

filter is required to achieve optimum performance and prevent high frequency components from being
aliased back into the video image when down-sampled. O shows the characteristic of the decimation filter.

8 5 5 @
7
/_//

\

Magnitude Response (dB)

(0] 2 4 6 8 10 12
Frequency (Hertz) 6

FIGURE 7. THE CHARACTERISTIC OF DECIMATION FILTER
AGC AND CLAMPING

All four analog channels have built-in clamping circuit that restores the signal DC level. The Y channel
restores the back porch of the digitized video to a level of 60. This operation is automatic through internal
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feedback loop. The Automatic Gain Control (AGC) of the Y channel adjusts input gain so that the sync tip is at
a desired level. Programmable white peak protection logic is included to prevent saturation in the case of
abnormal signal proportion between sync and white peak level.

SYNC PROCESSING

The sync processor of TW5864 detects horizontal synchronization and vertical synchronization signals in the
composite video or in the Y signal of an S-video or component signal. The processor contains a digital phase-
locked-loop and decision logic to achieve reliable sync detection in stable sighal as well as in unstable signhals
such as those from VCR fast forward or backward.

The vertical sync separator detects the vertical synchronization pattern in the input video signals. In addition,
the actual sync determination is controlled by a detection window to provide more reliable synchronization.
An option is available to provide faster responses for certain applications. The field status is determined at
vertical synchronization time. The field logic can also be controlled to toggle automatically while tracking the
input

Y/C SEPARATION

The color-decoding block contains the luminance/chrominance separation for the composite video signal and
multi-standard color demodulation. For NTSC and PAL standard signals, the luminance/chrominance
separation can be done either by comb filter or notch/band-pass filter combination. For SECAM standard
signals, adaptive notch/band-pass filter is used. The default selection for NTSC/PAL is comb filter.

In the case of comb filter, the TW5864 separates luminance (Y) and chrominance (C) of a NTSC/PAL
composite video signal using a proprietary 4H adaptive comb filter. The filter uses a four-line buffer. Adaptive
logic combines the upper-comb and the lower-comb results based on the signhal changes among the previous,
current and next lines. This technique leads to excellent Y/C separation with small cross luminance and cross
color at both horizontal and vertical edges

Due to the line buffer used in the comb filter, there are always two lines processing delay at the output
except for the component input mode which has only one line delay. The characteristic of the luminance
notch filter is shown in Figure 8 for both NTSC and PAL system, when notch/band-pass filter is selected.

COLOR DECODING
CHROMINANCE DEMODULATION

The color demodulation for NTSC and PAL standard is done by first quadrature mixing the chrominance
signal to the base band. A low-pass filter is then used to remove carrier sighal and yield chrominance
components. The low-pass filter characteristic can be selected for optimized transient color performance. For
the PAL system, the PAL ID or the burst phase switching is identified to aid the PAL color demodulation.

For SECAM, the color information is FM modulated onto different carrier. The demodulation process therefore
consists of FM demodulator and de-emphasis filter. During the FM demodulation, the chrominance carrier
frequency is identified and used to control the SECAM color demodulation.

The sub-carrier signal for use in the color demodulator is generated by direct digital synthesis PLL that locks
onto the input sub-carrier reference (color burst). This arrangement allows any sub-standard of NTSC and PAL
to be demodulated easily with single crystal frequency.

0 and O show the frequency response of Chrominance Band-Pass and Low-Pass Filter Curves.
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FIGURE 8. THE CHARACTERISTICS OF LUMINANCE NOTCH FILTER FOR NTSC AND PAL
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FIGURE 9. THE CHARACTERISTICS OF CHROMINANCE BAND-PASS FILTER FOR NTSC AND PAL

FN7961 Rev.1.00 Page 21 of 201

Jan 10, 2012 RENESAS



TW5864B1

CBW=3

/ CBW=2

CBW=1

Gain (dB)
3
X

-40 \ 2 \ / \ f
NATT =N
AR/EERTEZZNI

Frequency (Hertz)

FIGURE 10. THE CHARACTERISTICS OF CHROMINANCE LOW-PASS FILTER CURVES
ACC (AUTOMATIC COLOR GAIN CONTROL)

The Automatic Chrominance Gain Control (ACC) compensates the reduced amplitudes caused by high-
frequency loss in video signal. In the NTSC/PAL standard, the color reference signal is the burst on the back
porch. It is measured to control the chrominance output gain. The range of ACC control is -6db to +24db.

Chrominance Processing
CHROMINANCE GAIN, OFFSET AND HUE ADJUSTMENT

When decoding NTSC signals, TW5864 can adjust the hue of the chrominance signal. The hue is defined as a
phase shift of the subcarrier with respect to the burst. This phase shift of NTSC decoding can be programmed
through a control register. For the PAL standard, the PAL delay line is provided to compensate any hue error;
therefore, there is no hue adjustment available. The color saturation can be adjusted by changing the gain of
Cb and Cr signals for all NTSC, PAL and SECAM formats. The Cb and Cr gain can be adjusted independently
for flexibility.

CTI (COLOR TRANSIENT IMPROVEMENT)

The TW5864 provides the Color Transient Improvement function to further enhance the image quality. The
CTIl enhance the color edge transient without any overshoot or under-shoot.

Luminance Processing

The TW5864 adjusts brightness by adding a programmable value (in register BRIGHTNESS) to the Y signal. It
adjusts the picture contrast by changing the gain (in register CONTRAST) of the Y signal.

The TW5864 also provide programmable peaking function to further enhance the video sharpness. The
peaking control has built-in coring function to prevent enhancement of noise.

The 0 shows the characteristics of the peaking filter for four different gain modes and different center
frequencies.
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FIGURE 11. THE CHARACTERISTIC OF LUMINANCE PEAKING FILTER

ITU-R BT.656 Digital Input Ports

TW5864 supports 3 BT. 656 ports to connect up to 3 external video decoder chips. Each of the BT. 656 port
runs at 108 MHz and supports 4 channels, in byte-interleaved format. In standard single channel ITU-R BT.656
format, SAV and EAV sequences are inserted into the data stream to indicate the active video time. It is noted
that the number of active pixels per line is constant in this mode regardless of the actual incoming line length.
The output timing is illustrated in Figure 12. The SAV and EAV sequences are shown in
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Table 2. An optional set of 656 SAV/EAV code sequence can be enabled to identify no-video status using the

NOVID_656 bit.

cuoor | [T ML LML
vonia)(een)(om)aan) v o) . (oo o) om) v

EAV code ‘ SAV code

HACIVE |

gy uy i
(coo) vo {ero v2 fenz) vz ez v3)

FIGURE 12. TIMING DIAGRAM OF ITU-R BT.656 FORMAT
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TABLE 2. ITU-R BT.656 SAV AND EAV CODE SEQUENCE

CONDITION 656 FVH VALUE SAV/EAV CODE SEQUENCE
FOURTH
FIELD | VTIME H TIME F v H FIRST | SECOND | THIRD
NORMAL | OPTION*

EVEN Blank EAV 1 1 1 OxFF 0x00 0x00 OxF1 0x71
EVEN Blank SAV 1 1 0] OxFF 0x00 0x00 OxEC 0x6C
EVEN Active EAV 1 0 1 OxFF 0x00 0x00 OxDA Ox5A
EVEN Active SAV 1 0 0] OxFF 0x00 0x00 0xC7 0x47
OoDD Blank EAV 0 1 1 OxFF 0x00 0x00 0xB6 0x36
oDD Blank SAV 0] 1 0] OxFF 0x00 0x00 OxAB 0x2B
obDD Active EAV 0 0] 1 OxFF 0x00 0x00 0x9D 0x1D
oDD Active SAV 0 0] 0 OxFF 0x00 0x00 0x80 0x00

NOTE: * OPTION INCLUDES VIDEO LOSS INFORMATION IN ITU-R BT.656

In order to reduce pin counts and support more channels, four channel of D1 (720x480) video stream are
time-division-multiplexed into a multi-channel data format. With this, TW5864 implements a single 8 bit bus
at 4 times the base clock rate of 27MHz while quadrupling the data rate on a single bus to meet the new
requirement, individually, each channel data arrangement still retains the base band 27MHz ITU-R BT.656
specification. For interface that can accept the new 108MHz clock bus, only one single clock at 108MHz is
required. Embedded timing (SAV-EAV) code and Channel ID are inserted into each channel for de-multiplexing
and separation of channel data.

108MHz
Clock
01 M Data (ERICER X o) AN 00 X e )X 00 X ot @DX v7)

o @D

FIGURE 13. TIMING DIAGRAM OF 108MHZ 4 CH D1 TIME-DIVISION-MULTIPLEXED VIDEO DATA

Figure 13 depicts the temporal arrangement of the video data in 108 MHz data rate. Each channel is byte
level time-division multiplexed (TDM). Main clock is 108 MHz clock. This bit stream can be de-multiplexed into
4 individual channels by sampling once in every 4 clock cycle, as show in Figure 14. After de-multiplexing,
the channel ID can be identified through the EAV/SAV code from Table 3 and Table 4.
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FIGURE 14. PIN OUTPUT TIMING OF 108MHZ 4 CH D1 TIME-DIVISION-MULTIPLEXED VIDEO DATA WITH 108MHZ CLOCK.
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TABLE 3. SPECIAL FORMAT OF ITU-R BT. 656 EMBEDDED TIMING CODE AND CHANNEL ID CODE WHEN VIDEO IS ACTIVE

CONDITION 656 FVH VALUE SAV-EAV CODE
FOURTH
FIELD | V-TIME | HTIME| F v H FIRST | SECOND |THIRD | CH1 | CH2 | CH3 | CH4
EVEN BLANK EAV 1 1 1 OxFF 0x00 0x00 | OxFO | OxF1 | OxF2 | OxF3
EVEN BLANK SAV 1 1 0 OxFF 0x00 0x00 | OXEO | OxE1 | OxE2 | OxE3
EVEN | ACTIVE EAV 1 0 1 OxFF 0x00 0x00 | OxDO | OxD1 | OxD2 | OxD3
EVEN | ACTIVE SAV 1 0 0 OxFF 0x00 0x00 | OxCO | OxC1 | OxC2 | OxC3
obD BLANK EAV 0] 1 1 OxFF 0x00 0x00 | OxBO | OxB1 | OxB2 | OxB3
obDD BLANK SAV 0 1 0 OxFF 0x00 0x00 | OxAO | OxA1 | OxA2 | OxA3
oDD ACTIVE EAV 0 0 1 OxFF 0x00 0x00 | Ox90 | 0x91 | 0x92 | Ox93
oDD ACTIVE SAV 0 0 0 OxFF 0x00 0x00 | Ox80 | Ox81 | Ox82 | Ox83

TABLE 4. SPECIAL FORMAT OF ITU-R BT. 656 EMBEDDED TIMING CODE AND CHANNEL ID CODE WHEN VIDEO IS NOT ACTIVE

CONDITION 656 FVH VALUE SAV-EAV CODE
FOURTH
FIELD | V-TIME | HTIME| F v H FIRST | SECOND |THIRD | CH1 | CH2 | CH3 | CH4
EVEN BLANK EAV 1 1 1 OxFF 0x00 0x00 | Ox70 | Ox71 | Ox72 | Ox73
EVEN BLANK SAV 1 1 0 OxFF 0x00 0x00 | Ox60 | 0x61 | Ox62 | Ox63
EVEN | ACTIVE EAV 1 0 1 OxFF 0x00 0x00 | Ox50 | Ox51 | Ox52 | 0x53
EVEN | ACTIVE SAV 1 0 0 OxFF 0x00 0x00 | Ox40 | Ox41 | Ox42 | Ox43
oDD BLANK EAV 0 1 1 OxFF 0x00 0x00 | Ox30 | Ox31 | 0x32 | 0x33
oDD BLANK SAV 0 1 0 OxFF 0x00 0x00 | Ox20 | Ox21 | Ox22 | 0x23
oDD ACTIVE EAV 0 0 1 OxFF 0x00 0x00 | Ox10 | Ox11 | Ox12 | Ox13
oDD ACTIVE SAV 0 0 0 OxFF 0x00 0x00 | Ox00 | Ox01 | Ox02 | 0x03
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Pre-processing Modules

Behind the on-chip video decoder and the digital BT656 input ports are several pre-processing modules per
channel such as the motion detection, downscalers, and channels selectors. The front-end pre-processing
module prepares all the video streams into a format into a correct size that can be used by the backend
modules such as line-interleaving preview module, H264 encoding module, motion JPEG encoding modules,

and the PCI

preview module.
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FIGURE 15. THE PRE-PROCESSING MODULE
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DOWNSCALERS

The TW5864 has 16 sets of fixed downscalers, one for each incoming channel, to downscale the D1 picture
size into one half horizontally (360 pixels), one quarter horizontally (180 pixels), and one half vertically (120
lines NTSC, or 144 lines PAL). With these, the combination of picture size can be 720x240, 360x240,
360x120, 180x120 (NTSC), or 720x288, 360x288, 360x144, 180x144 (PAL). These output pictures can be
independently selected for each of the external digital preview port in line interleaved mode, the H264
encoding input, the Motion JPEG encoding input, and the PCI bus preview input.

MOTION DETECTION

The TW5864 supports a motion detector for each of the 16 incoming channels. The built-in motion detection
algorithm uses the difference of luminance level between current and the reference field.

To detect motion properly according to situation needed, the TW5864 provides several sensitivity and velocity
control parameters for each motion detector. The TW5864 supports manual strobe function to update
motion detection so that it is more appropriate for user-defined motion sensitivity control.

When motion is detected in any video inputs, the TW5864 provides the interrupt request to host via the IRQ
pin. Through which the host processor can read the motion information by accessing the motion status from
register 0x3A0 ~ Ox3B7.

MASK AND DETECTION REGION SELECTION

The motion detection algorithm utilizes the full screen video data and detects individual motion of 16x12
cells. This full screen for motion detection consists of 704 pixels and 240 lines for NTSC and 288 lines for
PAL. Starting pixel in horizontal direction can be shifted from 0 to 15 pixels using the MD_PIXEL_OS (0x301 ~
Ox37F) register.

Each cell can be masked via the MD_MASK (0Ox3EO ~ Ox3F7) registers as illustrated in O. If the mask bit in
specific cell is set, the related cell is ignored for motion detection. The MD_MASK register has different
function for reading and writing mode. For writing mode, setting MD_MASK register to “1” inhibits the specific
cell from detecting motion. For reading mode, the MD_MASK register provides the results of the motion
detection.
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FIGURE 16. MOTION MASK AND DETECTION CELL
SENSITIVITY CONTROL

The motion detector has 4 sensitivity parameters to control threshold of motion detection such as the level
sensitivity via the MD_LVSENS register, the spatial sensitivity via the MD_SPSENS and MD_CELSENS register,
and the temporal sensitivity parameter via the MD_TMPSENS register.

LEVEL SENSITIVITY

In built-in motion detection algorithm, the motion is detected when luminance level difference between
current and reference field is greater than MD_LVSENS value. Motion detector is more sensitive for the
smaller MD_LVSENS value and less sensitive for the larger. When the MD_LVSENS is too small, the motion
detector may be weak in noise.

SPATIAL SENSITIVITY

The TW5864 uses 192 (16x12) detection cells in full screen for motion detection. Each detection cell is
composed of 44 pixels and 20 lines for NTSC and 24 lines for PAL. Motion detection using only luminance
level difference between two fields is very weak for pictures with spatial random noise. To remove the fake
motion detected from the random noise, the TW5864 supports a spatial filter via the MD_SPSENS register
which defines the number of detected cell to decide motion detection in full size image. The large
MD_SPSENS value increases the immunity of spatial random noise.

Each detection cell has 4 sub-cells. The actual motion detection result of each cell comes from comparison of
4 sub-cells in it. The MD_CELSENS defines the number of detected sub-cell to decide motion detection in cell.
That is, the large MD_CELSENS value increases the immunity of spatial random noise in detection cell.
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TEMPORAL SENSITIVITY

Similarly, temporal filter is used to remove the fake motion detection from the temporal random noise. The
MD_TMPSENS regulates the number of taps in the temporal filter to control the temporal sensitivity so that
the large MD_TMPSENS value increases the immunity of temporal random noise.

VELOCITY CONTROL

A motion has various velocities. That is, in a fast motion an object appears and disappears rapidly between
the adjacent fields while in a slow motion it is to the contrary. As the built-in motion detection algorithm uses
only the luminance level difference between two adjacent fields, a slow motion is harder to detect than a fast
motion. To compensate this weakness, the current field is compared with a previous field up to 64-field time
interval before. The MD_SPEED parameter adjusts the field interval in which the luminance level is
compared. Thus, for detection of a fast motion a small value is needed and for a slow motion a large value is
required. The parameter MD_SPEED value should be greater than MD_TMPSENS value.

Additionally, the TW5864 has 2 more parameters to control the selection of reference field. The MD_FLD
register is a field selection parameter such as odd, even, any field or frame.

The MD_REFFLD register is used to control the updating period of reference field. For MD_REFFLD = “0”, the
interval from current field to reference field is always same as the MD_SPEED. It means that the reference
filed is always updated every field. The O shows the relationship between current and reference field for
motion detection when the MD_REFFLD is “0”.

Time
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»

FieldO || Field1 | Field2 | Field3 | Field4 | Field5 | Field6 | Field7 | Field8 | Field9 | Field10| Field11|| Field12

M1 (f 1 M7 (f

M2 I M8

Y

L1 »M5 1 >@

I M6 1 >

[] Reference Field O current Field <> Detection between Reference and Current Field

FIGURE 17. THE RELATIONSHIP BETWEEN CURRENT AND REFERENCE FIELD WHEN MD_REFFLD = “0”

The TW5864 can update the reference field only at the period of MD_SPEED when the MD_REFFLD is high.
For this case, the TW5864 can detect a motion with sense of a various velocity. The O shows the relationship
between current and reference field for motion detection when the MD_REFFLD = “1”.
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FIGURE 18. THE RELATIONSHIP BETWEEN CURRENT AND REFERENCE FIELD WHEN MD_REFFLD = “1”

The TW5864 also supports the manual detection timing control of the reference field/frame via the
MD_STRB_EN and MD_STRB register. For MD_STRB_EN = “0”, the reference field/frame is automatically
updated and reserved on every reference field/frame. For MD_STRB_EN = “1”, the reference field/frame is
updated and reserved only when MD_STRB = “1". In this mode, the interval between current and reference
field/frame depends on user’s strobe timing. This mode is very useful for a specific purpose like non-
periodical velocity control and very slow motion detection.

BLIND DETECTION

The TW5864 supports a blind detection for each of the 16 video inputs and generated an interrupt to the
host when a blind condition is detected. A blind condition is detected when a camera is shaded / blocked by
some unknown object and the video level in wide area of a field is almost equal to average video level of the
field.

The TW5864 has two sensitivity parameters to detect blind input such as the level sensitivity via the
BD_LVSENS register and spatial sensitivity via the BD_CELSENS register.

The TW5864 uses total 768 (30x224) cells in full screen for blind detection. The BD_LVSENS parameter
controls the threshold of level between cell and field average. The BD_CELSENS parameter defines the
number of cells to detect blind. For BD_CELSENS = “0”, the number of cell whose level is same as average of
field should be over than 60% to detect blind, 70% for BD_CELSENS = “1”, 80% for BD_CELSENS = “2”, and
90% for BD_CELSENS = “3”. That is, the large value of BD_LVSENS and BD_CELSENS makes blind detector
less sensitive.

The host can read blind detection information via MCU interrupt. When blind input is detected in any video
inputs, the host processor can read the information by accessing the INTERRUPT_VECT registers. This status
information is updated in the vertical blank period of each input.

NIGHT DETECTION

The TW5864 supports night detection for each of the 16 video inputs and generates an interrupt to the host
when a night condition is detected. If an average of a field video level is very low, this input is interpreted as
night. Otherwise, the input is treated as day.
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The TW5864 has two sensitivity parameters to detect night input such as the level sensitivity via the
ND_LVSENS register and the temporal sensitivity via the ND_TMPSENS register. The ND_LVSENS parameter
controls threshold level of day and night. The ND_TMPSENS parameter regulates the number of taps in the
temporal low pass filter to control the temporal sensitivity. The large value of ND_LVSENS and ND_TMPSENS
makes night detector less sensitive.

The host can read night detection information via the MCU interrupt. When night input is detected in any
video inputs, the TW5864 provides the interrupt request to host via the IRQ pin. The host processor can read
the information of night detection by accessing the INTERRUPT_VECT register. This status information is
updated in the vertical blank period of each input.

H264 ENCODING CHANNEL CAPTURE

The TW5864 supports up to 16 channels of real-time / non-real-time video for encoding simultaneously. Each
of the 16 channels can be configured to capture picture size of either D1 (720x288 / 720x240) or Half D1
(360x288 / 360x240). The capture module can be configured to capture both fields (odd and even) or just
single field. For a D1 compression, both fields should be captured. For CIF compression, however, only a
single field needs to be captured in order to support a frame size of 360x288 / 360x240.

There are 4 separate DDR write paths embedded in the H264 capture module. The selection of channels in
each path is as shown in Figure 19. In the first stage (CH_O’ ~ CH_F’), one channel out of the 16 incoming
channels (CH_O ~ CH_F) is selected. Every 4 channel of the first stage channels are grouped into one DDR
write path. In order to encode 4 D1 + 4CIF in H264, the module will only capture up to 4 channels of real-time
D1 video streams. Each DDR write path captures 1 channel of real-time D1 video. The secondary stream is
automatically generated from the main stream by downscaling %2 in each of the horizontal and vertical
direction. In order to support 16 D1 non-real-time encoding, the module captures all 16 channels in D1
resolution while sub-sampling at time domain. The sub-sampling rate is controlled by the external MCU
through register settings.

Note that although each video channel can be individually configured with either D1 or Half D1 size, the total
peak throughput of each DDR write path should not exceed 2 D1 channel bandwidth, except on the first write
path where 1D1+3CIF can be supported. The higher peak bandwidth on the first write path allows TW5864 to
support 1D1+15CIF channel configuration. Due to the peak bandwidth limitation on the write path, the
selection of channels merged into the same DDR write path has to be carefully selected.
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FIGURE 19. H264 ENCODING CAPTURE PATH CHANNEL SELECTION
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MJPEG ENCODING CHANNEL CAPTURE

TW5864 MJPEG engine is designed to support a low frame rate encoding operation. When encoding multiple
channels, it is time multiplexed between channels.

e At least 1 F/S for each of 16 channels in TW5864
e >= 25 F/S overall encoding capability

e At any time a maximum number of two frames can be captured simultaneously into DDR buffer for JPEG
encoding

The TW5864 motion JPEG encoder supports two separate internal capture paths. Each capture path can
select one channel out of any of the 16 incoming video channel at any instance of time. With this time
sharing mechanism, the MJPEG module can support up to 1 D1 frame per second for each of the 16
channels.

The MJPEG capture modules select various picture sizes independently from channel to channel. The
supported sizes are D1 (720x288 / 720x240), Half D1 (360x288 / 360x240), CIF (360x144 / 360x120), and
Half CIF (180x144 / 180x120) sizes. The capture module can be configured to capture either both odd and
even fields, or only a single field out of a frame.

- DDR_WRO

DDR
Controller

Y

- DDR_WR1

FIGURE 20. MJPEG ENCODING CAPTURE PATH CHANNEL SELECTION
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PCI PREVIEW CHANNEL SELECTION

The PCI preview function is designed specifically for PC host application. PCI preview feature in TW5864
supports the following configuration.

e 1D1+1D1

¢ 4CIF+1D1

o 9CIF (Configurable RT or Non-RT)

o 16QCIF or 15QCIF+1D1 (Configurable RT or Non-RT)

All original video data in preview is sent from TW5864 to PC host in initiator mode. The maximum preview
data being sent through PCI bus to PC host is bounded by the PCI bus bandwidth. The TW5864 PCI preview
path supports 5 internal buffers BUF_O ~ BUF_4 for sending the preview pictures onto the PCI bus. Each of
the buffers is shared among any 4 channels selected out of 16 video channels except for BUF_4. The BUF_4
only shared among 2 channels. This is shown in Figure 21. At the input, there are total of 16 channels, from
CH_O through CH_F. Each of the first stage channel sections CH_O’ through CH_F’ can select one channel out
of any of the 16 incoming channels. The second stage channel selection for input to BUF_O selects one
channel from of CH_O’ ~ CH_0"3. Similarly BUF_1 with input from CH_4’ ~ CH_7’, BUF_2 with input from
CH_8' ~ CH_B’, and BUF_3 with input from CH_C’ ~ CH_F'. BUF_4 has input from CH_2’ and CH_3’ only. Each
Buffer has a limitation of supporting up to 1 D1 channel, 2 CIF channels, or 4 QCIF channels. In order to
support 9 CIF channels, BUF_4 is used to support the addition CIF channel.

The PCI preview path input pictures of D1, Half D41, CIF, and Half CIF for each individual channels. Since there
are limitations on sharing the internal buffers, all channels going to the same buffer have to be of the same
picture size, either CIF or QCIF.
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Digital Preview Output Port

TW5864 external preview ports support both byte-interleaving and line interleaving mode to put multiple
channels into a single port. The following table shows the combination of mux modes supported among the
4 ports. Each port can be set independently, however, with one exception that preview ports 0, 1, 3 need to
run at the same output clock rate.

TABLE 5. MUX MODES SUPPORTED IN THE PREVIEW OUTPUT PORTS

PV_SEL MUX PORT 0 PORT 1 PORT 2 PORT 3
0 Byte 108 MHz D1 108 MHz D1| 108 MHz D1 BI, | 108 MHz D1 BI,
Interleaving from on-chip VDO from VD1 from VD2 from VD3
Byte 108 MHz D1 108 MHz D1
1 . N/A N/A
Interleaving from VD1 from VD1
Byte 108 MHz D1 108 MHz D1
2 . N/A N/A
Interleaving from VD2 from VD2
Byte 108 MHz D1 108 MHz D1
3 Interleaving from VD3 from VD3 N/A N/A
, 27 MHzD1 | 52\ 27 MHz D1
4 Single 27 MRz D1 from on-chip from on-chip VD |from on-chip VD
Channel from on-chip VD channel O VD channel p p
1 channel 2 channel 3
54 MIHz D1 | 54 MHz HD1
5 Byte 54 MHz D1 from on-chip| from on-chip VD N/A
Interleaving  from on-chip VD channel 0/ 1 VD channel | channel 0/ 1/
2/3 2/3
108 MHz D1
6 Byte _ N/A N/A N/A
Interleaving from on-chip VD channel0/1/2/ 3
Line Line Mode,
7 . Line Mode, various Frequency various N/A N/A
Interleaving
Frequency

BYTE-INTERLEAVED FORMAT

The TW5864 has four sets of video output ports, each in BT. 656 interface. The video output sources can be
from either the on-chip video decoders (108 MHz, 54 MHz, and 27 MHz) or simply select from the three
digital video input ports at 108 MHz. In these cases, the output is in byte-interleaved format, the same as the
input BT. 656 ports. The byte-interleaved modes supported in each of the 4 preview ports are the PV_SEL O ~
6 as shown in Table 5.

In single channel standard ITU-R BT.656 format, SAV and EAV sequences are inserted into the data stream to
indicate the active video time. It is noted that the number of active pixels per line is constant in this mode
regardless of the actual incoming line length. The output timing is illustrated in Figure 22. The SAV and EAV
sequences are shown in Table 6. An optional set of 656 SAV/EAV code sequence can be enabled to identify
no-video status using the NOVID_656 bit.

FN7961 Rev.1.00
Jan 10, 2012

/_( Page 38 of 201
ENESAS



TW5864B1

CLKPOnT : Sg :
vongro1 {Fen){oon Y{oon ) xv Yon 16n) < (on 5o} e oon Y aon ) (coo) o Y(cro vt ehz) vz ) crz ) ¥v3)

EAV code SAV code

HACIVET

FIGURE 22. TIMING DIAGRAM OF ITU-R BT.656 FORMAT

TABLE 6. SINGLE CHANNEL STANDARD ITU-R BT.656 SAV AND EAV CODE SEQUENCE

CONDITION 656 FVH VALUE SAV/EAV CODE SEQUENCE
FOURTH
FIELD | VTIME H TIME F v H FIRST | SECOND | THIRD
NORMAL | OPTION*

EVEN Blank EAV 1 1 1 OxFF 0x00 0x00 OxF1 0x71
EVEN Blank SAV 1 1 (0] OxFF 0x00 0x00 OxEC 0x6C
EVEN Active EAV 1 (0] 1 OxFF 0x00 0x00 OxDA O0x5A
EVEN Active SAV 1 0] 0] OxFF 0x00 0x00 0xC7 0x47
oDD Blank EAV 0 1 1 OxFF 0x00 0x00 OxB6 0x36
oDD Blank SAV (0] 1 (0] OxFF 0x00 0x00 OxAB 0x2B
obD Active EAV 0] 0] 1 OxFF 0x00 0x00 0x9D 0x1D
oDD Active SAV 0 0 0 OxFF 0x00 0x00 0x80 0x00

NOTE: * OPTION INCLUDES VIDEO LOSS INFORMATION IN ITU-R BT.656

TWO CHANNEL D1 TIME-MULTIPLEXED FORMAT WITH 54MHZ

The TW5864 supports two channels ITU-R BT.656 time-multiplexed format with 54MHz that is useful to
security application requiring two channel outputs through one channel video port. To de-multiplex the time-
multiplexed data in the display mux chip, the channel ID can be inserted in the data stream using the
CHID_MD register. Two kinds of channel ID format can be supported. One is horizontal blanking code with
channel ID and the other is ITU-R BT.656 sync code with channel ID. The Figure 23 illustrates the logical
timing diagram in the case of CH1 and CH2 time-multiplexed output through one video output port.
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FIGURE 23. TIMING DIAGRAM OF TWO CHANNEL TIME-MULTIPLEXED FORMAT

Four Channel Half D1 Time-multiplexed Format with 54MHz

The four channel Half D1 (360x240x2) time-multiplexed format is supported at second preview port. For this
format, each channel ITU-R BT.656 data stream is down-scaled horizontally into a 13.5MHz ITU-R BT.656
data stream except the sync code. Then, the four 13.5MHz ITU-R BT.656 data streams are time-multiplexed
into 54MHz data stream. This format requires only one channel video port to transfer whole four channel HD1
data independently. In this mode, TW5864 can support one channel video port to transfer whole four channel
D1 data at port O (108 MHz) or at both port 0 and port 1 (54 MHz), while using port 2 to ouput 4 channels of
Half D1 video bitstreams simultaneously. To de-multiplex the time-multiplexed data in the display mux chip,
the channel ID can be decoded from the SAV/EAV sync code. The Figure 24 and Table 7 illustrate the timing
diagram and detailed channel ID format for four channel half D1 time-multiplexed format with 54MHz.

ce [P YUU UL
(54MHz)

CH1 Cho) Y0 ) Cro ) Y2 ) Ch4 Y4 ) Cr4

CH2 Y16 {Cr16) { Y18 ) {Ch20) 1Y20) {Cr20) Y22 )

CH3 {vg2) {cosd— (crea) {ves ) {cosg—

1Y82 ) Ch84) Y84 {Cr84) Y86 ) Ch88) Y88

CH4 FF 00 00 XY {ChO { YO Cr0

e 80 B () BB o B B B B e B B B

FIGURE 24. LOGICAL TIMING DIAGRAM OF 4 CH HALF D1 TIME-MULTIPLEXED FORMAT
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TABLE 7. THE CHANNEL ID FORMAT FOR 4 CH HALF D1 TIME-MULTIPLEXED FORMAT WITH 54MHZ
CONDITION 656 FVH VALUE SAV/EAV CODE SEQUENCE

FOURTH
FIELD | VTIME | HTIME F \'} H FIRST | SECOND | THIRD

CH1 CH2 CH3 CH4

EVEN | Blank | EAV
EVEN | Blank | SAV
EVEN | Active | EAV
EVEN | Active | SAV
ODD | Blank | EAV
ODD | Blank | SAV
ODD | Active | EAV

ODD | Active | SAV

NOTE:
1. (a)ITU-R BT.656 Sync Code with Channel ID

OxFF 0x00 0x00 | OxFO | OxF1 | OxF2 | OxF3
OxFF | OxO0 | Ox00 | OxEO | OxE1 | OxE2 | OxE3
OxFF | OxO00 | Ox00 | OxDO | OxD1 | OxD2 | 0xD3
OxFF 0x00 0x00 | OxCO | OxC1 | OxC2 | OxC3
OxFF | OxO00 | Ox00 | OxBO | OxB1 | O0xB2 | OxB3
OxFF | OxO0 | Ox00 | OxAO | OxAl | OxA2 | OxA3
OXFF | 0x00 | Ox00 | 0x90 | 0x91 | 0x92 | 0x93
OxFF | Ox00 | Ox00 | Ox80 | 0x81 | Ox82 | 0x83

O|OC|OC|OC|(RP,|RP|FL|PF
O|lO|RP| P |OC|OC|RL|PF
O|lRr|OC|RP|OC|Rr|OC|PFR

H BLANKING CODE WITH CHANNEL ID
CHANNEL
Y CB CR
Ch1i 8'h10 8’'h80 8'h80
Ch2 8hi1 8'h81 8'h81
Ch3 8'h12 8'h82 8’'h82
Ch4 8'h13 8'h83 8'h83

NOTE:
1. (b) Horizontal Blanking Code with Channel ID

Four Channel D1 Time-division-multiplexed Format with 108MHz

Four channel of D1 (720x480) at 27MHz video stream that are time-division-multiplexed at 108 MHz data
rate format is also implemented in TW5864. In order to reduce pin counts (thus shrink chip size) on both
decoder’s digital output port and the input port of the backend display mux devices, TW5864 implements
single 8 bit bus at 4 times the base band pixel clock rate of 27MHz. While quadrupling the data rate on a
single bus to meet the new requirement, individually, each channel data arrangement still retains the base
band 27MHz ITU-R BT.656 specification. For interface that can accept the new 108MHz clock bus, only one
single clock at 108MHz is required. Embedded timing (SAV-EAV) code and Channel ID are inserted into each
channel for de-multiplexing and separation of channel data.

108MHz
Clock
x01 M Data GERICER X cro)(VINGIINC 90 X Yo X GG 20 X coQap@I <X v7 )

o @EXHED

FIGURE 25. TIMING DIAGRAM OF 108MHZ 4 CH D1 TIME-DIVISION-MULTIPLEXED VIDEO DATA
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Figure 31 depicts the temporal arrangement of the video data in 108 MHz data rate. Each channel is byte
level time-division multiplexed (TDM). Main clock is 108MHz clock.

CLKPV

(108MHz) |

CH1 D1

CH2 D1

CH3 D1

CH4 D1

VDn[7:0]

FIGURE 26. OUTPUT TIMING OF 108MHZ 4 CH D1 TIME-DIVISION-MULTIPLEXED VIDEO DATA WITH 108MHZ CLOCK.

TABLE 8. SPECIAL FORMAT OF ITU-R BT. 656 EMBEDDED TIMING CODE AND CHANNEL ID CODE

E@ ke _
<E§9 3 Qii% vis)——

CbO><Y16><Y82>< FF

YO ><Cr16><Cb84‘>< 00

Cr0 ><Y18><Y84>

CONDITION 656 FVH VALUE SAV-EAV CODE
FOURTH

FIELD | V-TIME |HTIME| F | Vv H | FIRST | SECOND |THIRD| CH1 | CH2 | CH3 | CH4

EVEN | BLANK | EAV | 1 | 1 1 | oxFF | 0x00 | Ox00 | OXFO | OXF1 | OXF2 | OxF3

EVEN | BLANK | SAV | 1 | 1 0 | OxFF | 0x00 | 0x00 | OXEO | OXE1 | OXE2 | OXE3

EVEN | ACTIVE | EAV | 1 | O 1 | OxFF | 0x00 | Ox00 | OXDO | OxD1 | OxD2 | OxD3

EVEN | ACTIVE | SAV | 1 | o 0 | OxFF | 0x00 | 0x00 | OxCO | OxC1 | OxC2 | OxC3

ODD | BLANK | EAV | o | 1 1 | OXFF | O0x00 | Ox00 | OXBO | OxB1 | OxB2 | OxB3

ODD | BLANK | SAV | o | 1 0 | OXFF | 0x00 | 0x00 | OXAO | OxA1 | OxA2 | OxA3

oDD | ACTIVE | EAV | 0 | O 1 | OXFF | O0x00 | Ox00 | 0x90 | 0x91 | 0x92 | 0x93

ODD | ACTIVE | SAV | o | o 0 | OxFF | 0x00 | 0x00 | 0x80 | 0x81 | 0x82 | 0x83
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LINE-INTERLEAVED FORMAT

In addition to the byte-interleaving mode, the first two digital preview ports support line-interleaved format to
multiplex up to 9 channel of video content into each BT. 656 port. In this case, the source video can be scaled
down into various sizes, and flexibly multiplexed together. The modes supported as shown in Table 9.

TABLE 9. LINE INTERLEAVING MODES SUPPORTED IN THE FIRST TWO PREVIEW OUTPUT PORTS

OUTPUT CHANNEL COMBINATION| CLOCK RATE PICTURE SIZE
2D1 54 MHz 720 x 240 (NTSC) / 720 x 288 (PAL)
4D1 108 MHz 720 x 240 (NTSC) / 720 x 288 (PAL)
4 HD1 54 MHz 360 x 240 (NTSC) / 360 x 288 (PAL)
8 HD1 108 MHz 360 x 240 (NTSC) / 360 x 288 (PAL)
4 CIF 27 MHz 360 x 120 (NTSC) / 360 x 144 (PAL)
8 CIF 54 MHz 360 x 120 (NTSC) / 360 x 144 (PAL)
4CIF+1D1 54 MHz Combination
8CIF+1D1 81 MHz Combination

In line-interleaved format, the video data are interleaved based on each line as a unit. The original BT. 656
SAV/EAV codes are maintained. In addition, within the active line, an additional 4 bytes of header are
inserted in order to describe the properties of the line of the original video content. The 4 bytes headers are
shown in Figure 27. The 4-byte headers codes are shown in Table 10 . The definition of parameters in Table
10 is shown in Table 11.

Since all the video channels are asynchronous to each other, there is no fixed number of spacing among
channel lines. Instead, the lines are inserted into the video stream based on the availability of the input
source. When there are no lines available from any channel source, a dummy line will be inserted. The
dummy line header bytes are 0x01 for all 4 header bytes. In line-interleaved mode, different line sizes can be
multiplexed together in either full line (720 pixels) or half line (360 pixels). Because of this, a full line can
either maintains a full line, or it can be split into 2 half lines.

( SAV LINE HEADER LINEDATA EAV H-BEAWING )

FFh ¥ 00h X 00h Y XYh FFh X 00h X 00h Y XYh

FIGURE 27. THE LINE-INTERLEAVED HEADER FORMAT

TABLE 10. LINE INTERLEAVED MODES HEADER BYTES

HEADER BYTES 7 6 5 4 3 2 1 0
H3 1 RSV RSV RSV RSV CH_ID
H2 0 BOL EOL VDET RSV RSV LINE_ID[8:7]
H1 ~LINE_ID[6] LINE_ID[6:0]
HO 1 F \' H P3 P2 P1 PO
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TABLE 11. LINE INTERLEAVED HEADER BYTES PARAMETERS DEFINITION
BIT LOCATION NAME DESCRIPTION

The video channel ID.

For preview port O, CH_ID O ~ 7 means channel O ~ 7. (On-chip
H3[2:0] CH_ID VD and VD1 digital port)

For preview port 1, CH_ID O ~ 7 means channel 8 ~ 15. (VD2
and VD3 digital ports)

1: A full line, or the first half line when a full line is split into 2
H2[6] BOL half lines.

0: The second half line when a full line is split into 2 half lines.

1: A full line, or the second half of a full line when the line is

split.

H2[5] R . . N
0: The second first half of a full line when it is split into 2 half
lines.
1: Video detected

H2[4] VDET .
0: Video loss

H2[1:0], H1[6:0] LINE_ID The ac_tlve .VIdeO line number. The LINE_ID of the first line of

each field is O.

HO[6] F Field bit as defined in BT. 656

HO[5] \" V bit as defined in BT. 656

HO[4] H H bit as defined in BT. 656

HO[3] P3 Redundant protection bit 3, P3 =V XOR H

HO[2] P2 Redundant protection bit 2, P2 = F XOR H

HO[1] P1 Redundant protection bit 1, P1 = F XOR V

HOI[O0] PO Redundant protection bit O, PO = F XOR V XOR H

TABLE 12. LINE INTERLEAVED MODES HEADER BYTES FOR DUMMY LINES

HEADER BYTES 7 6 5 4 3 2 1 o
H3 0 0 0 0 0 0] 0 1
H2 0 0 0 0] 0 0] 0 1
H1 0 0 0 0] 0] 0] 0 1
HO 0 0 0 0] 0 0] 0 1
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H.264 Encoding Module
DE-INTERLACERS

The TW5864 de-interlacer sitting right before H264 encoder is an enhanced cost efficient de-interfacer that
performs adaptive field weaving or 2D de-interlacing depending on the content motion. The de-interlacer
works on a channel by channel base. Each of the channels can be independently controlled.

0SDS

The TW5864 supports pre-encoding OSD function which overlays fonts/graphics onto the video before H264
encoding is performed. The OSD overlays onto each channel of video independently. For each channel, up to
8 windows are supported. Additionally, in order to support good quality in both main and secondary stream,
two different sets of fonts can be overlaid onto the main / secondary streams independently.

H264 ENCODERS

TW5864 has a build-in baseline H264 encoder capable of encoding up to 5D1 in real-time. The H264
encoder performance is summarized as the following:

e H.264 Baseline @ Level 3 encoding, without arbitrary slice ordering (ASO), flexible MB ordering (FMO), and
redundant picture

e One slice per frame

o Bitrates from 64 kbps to 10 mbps

* 4 D1 or 16 CIF encoding at 30 frames per second (NTSC) or 25 frame per second (PAL)
e Support VBR / CBR

e Configurable IDR/I Interval

e Support intra-mode (16x16 and 4x4)

e Support variable block size (16x16, 16x8, and 8x8)

o Motion vector granularity at full-pel, %2 pel, and ¥ pel

o Motion vector range [-256, +255.75]

¢ In-loop deblocking filter

e CAVLC entropy coding

e Collect video analytic information to MPU

e Same channel dual-stream encoding (D1/CIF, D1/QCIF, or CIF/QCIF)
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The typical configuration for multichannel encoding is given here as examples:

¢ 4D1 main streams and 4CIF/QCIF second streams

e 16CIF main streams and 16QCIF second streams

e 16D1 sub-frame rate encoding with aggregated total encoding frames <=125 F/S
o N channel D1 and (16-N) channel CIF.

NOTE: WHEN TW5864 IS ENCODING MORE THAN 4 PHYSICAL CHANNELS, IT NEEDS ADDITIONAL TW2864 EQUIVALENT
VIDEO DECODER.

H.264 CODED STREAM

TW5864 generates H.264 standard compliant base-line profile bitstream, decodable by 3 party standard
compliant decoder. TW5864 H.264 bitstream contains progressive I-frame and P-frame information, without
arbitrary slice ordering, flexible MB-ordering and redundant picture feature supports.

TW5864 bitstream follows H.264 standard byte stream format by constructed from the NAL (Network
Abstraction Layer) unit stream format in decoding order and prefixing each NAL unit with a start code prefix
(0x00000001). For each NAL bitstream unit, zero-valued bits or zero-valued bytes are padded in the end of I-
frame and P-frame payload data to form an unit of multiple of 4-byte in length.

The NAL unit stream format can be extracted from the byte stream format by searching for the location of
the unique start code prefix pattern within this stream of bytes.

In TW5864 bitstream, a SPS (Sequence Parameter Set) and a PPS (Picture Parameter Set) NAL unit are
proceeded each IDR (Instantaneous Decoding Refresh)-frame NAL. The following tables describe NAL unit,
SPS and PPS syntax in tabular form.
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TABLE 13. TW5864 NAL UNIT SYNTAX

NAL UNIT VALUE(HEX) BIT NUMBER
NalUnitStartCodePrefix 0x00000001 16
forbiden_zero_bit 0 1
nal_ref_idc 0x02 2
nal_unit_type nal_unit_type_value 5
NAL payload Variable

rbsp_trailing_bits( )

Insert zero-valued bit(s) to 32-bit
aligned

TABLE 14. TW5864 SPS RBSP SYNTAX

SPS_PARAMETER_SET_RBSP
VALUE(HEX) BIT NUMBER
(NAL_UNIT_TYPE=7)

profile_idc 0x42 8
constraint_setO_flag 0 1
constraint_set1_flag 0 1
constraint_set2_flag 0 1
reserved_zero_5bits 0 5

level_idc Ox1E 8
seq_parameter_set_id 0 ue(v)
log2_max_frame_bun_minus4 0x0B ue(v)
pic_order_cnt_type 0o ue(v)
log2_max_pic_order_cnt_Isb_minus4 0x0B ue(v)
num_ref_frames 0x01 ue(v)
gaps_in_frame_num_value_allowed_flag 0 1
pic_width_in_mbs_minus1 (picWidth/16) -1) ue(v)
pic_heigh_in_map_units_minus1 (picHeight/16) -1) ue(v)
frame_mbs_only_flag 0x01 1
direct_8x8_inference_flag 0 1
frame_cropping_flag 0 1
vui_parameter_present_flag 0 1
rbsp_trailing_bits ,'cgsg;t;ﬁr:"‘g::d bit(s)
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TABLE 15. TW5864 PPS RBSP SYNTAX

PIC_PARAMETER_SET_RBSP
(NAL_UNIT_TYPE=8)

pic_parameter_set_id 0 ue(v)
seq_parameter_set_id 0 ue(v)
entropy_coding_mode_flag 0 1

pic_order_present_flag 0 1
num_slice_groups_minus1 0 ue(v)
num_ref_idx_10_active_minus1 0 ue(v)
num_ref_idx_11_active_minus1 0 ue(v)

weighted_pred_flag 0 1

weighted_bipred_idc 0 2

pic_init_gp_minus26 qpbase-26 se(v)
pic_init_gs_minus26 qpbase-26 se(v)
chroma_qp_index_offset 0 se(v)
deblocking_filter_control_present_flag 0 1
constrained_intra_pred_flag 0 1
redundant_pic_cnt_present_flag 0 1

rbsp_trailing_bits I;;‘::Itt ZT;;:Z;UM bit(s) to
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Audio A/D Decoder and D/A Encoder

The audio A/D and D/A codec in the TW5864 is composed of five audio Analog-to-Digital converters, 1
Digital-to-Analog converter, audio mixer, digital serial audio interface and audio detector shown as shown in
Figure 28. The TW5864 can accept 5 analog audio sighals and 1 digital serial audio data and produce 1
mixing analog audio signal and 2 digital serial audio data.

> ACLKR
<—> ASYNR
Audio |
D > 12S/DSP Encoder > ADATR
\ 4 > —> ADATM
L 4
AIN1 —> G ADC

AIN2 /> G ADC

AIN3 —> G ADC

l

MIX

AIN4 —> G ADC

AIN51 —» @ ADC
(AIN5 Pin Input)

PB4 — |

ACLKP <—>|
ASYNP <
ADATP —

12S/DSP
Decoder

PB3 — P

PB2 — ]

Cascade In Mix

RATIO MUTE

PB1

AIN1 Digital
AIN2 Digital
AIN3 Digital
AIN4 Digital
AINS Digital
AING Digital
AIN7 Digital
AINS Digital
AIN9 Digital
AIN10 Digital ——»
AIN11 Digital ——»
AIN12 Digital ——»
AIN13 Digital —»
AIN14 Digital ——»
AIN15 Digital —
AIN16 Digital =
AIN51 Digital
AIN52 Digital
AIN53 Digital
AIN54 Digital

AOUT

OUTPUT SELECT

222222222

221,

FIGURE 28. BLOCK DIAGRAM OF AUDIO CODEC
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The level of analog audio input signal AIN1 ~ AIN5 can be adjusted respectively by internal programmable
gain amplifiers that are defined via the AIGAIN1, AIGAIN2, AIGAIN3, AIGAIN4, and AIGAINS5 registers and
then sampled by each Analog-to-Digital converters. Figure 29 shows the audio decimation filter response. The
digital serial audio input data through the ACLKP, ASYNP and ADATP pin are used for playback function
assuming an external audio decoder chip is used to decode the ADPCM audio bitstream. To record audio
data, the TW5864 provides the digital serial audio output via the ACLKR, ASYNR and ADATR port, and feed
into the back-end ADPCM audio encoding module.

The TW5864 can mix all of audio inputs including analog audio signal and digital audio data according to the
predefined mixing ratio for each audio via the MIX_RATIO1 ~ MIX_RATIO5 and MIX_RATIOP registers. This
mixing audio output can be provided through the analog and digital interfaces. The embedded audio Digital-
to-Analog converter supports the analog mixing audio output whose level can be controlled by programmable
gain amplifier via the A_DAC_IBCTL register. The ADATM pin supports the digital mixing audio output and its
digital serial audio timings are provided through the ACLKR and ASYNR ports that are shared with the digital
serial audio record timing pins.

Audio Decimation Filter Response

Gain(dB)

0 0.002 0.004 0.006 0.008 0.01 o012 0014 0.016
Frequency{normalized to 64xFS)

(*) 0.016 line = 0.016x64xFs
FIGURE 29. AUDIO DECIMATION FILTER RESPONSE
AUDIO DETECTION

The TW5864 has an audio detector for each individual of 5 channels. There are 2 kinds of audio detection
method defined by the ADET_MTH. One is the detection of absolute amplitude and the other is of differential
amplitude. For both detection methods, the accumulating period is defined by the ADET_FILT register and the
detecting threshold value is defined by ADET_TH1 ~ ADET_TH5 registers. The status for audio detection is
read by the STATE_AVDET register and it also makes the interrupt request through the IRQ pin with the
combination of the status for video loss detection.
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SERIAL AUDIO INTERFACE

There are 3 kinds of digital serial audio interfaces in the TW5864, the first is a recording output, the second
is a mixing output and the third is a playback input. These 3 digital serial audio interfaces follow a standard
12S or DSP interface as shown in the Figure 30.

i 1/fs N
4

ASYN ﬁ [ '

Ak [y L L
ADAT (mseX X X XLsB) (mseX__ X X XLsB)

i i i i

l¢ N ¢ N

= Data 1 g 5 Data 2 €

(@) 12S Format

) 1/fs .

ASYN ﬁ ﬁ

ack [T L L

ADAT (5
« Data 1 e Data 2 >

(b) DSP Format
FIGURE 30. TIMING CHART OF SERIAL AUDIO INTERFACE

Playback Input

The serial interface using the ACLKP, ASYNP and ADATP pins accepts the digital serial audio data for the
playback purpose. The ACLKP and ASYNP pins can be operated as master or slave mode. For master mode,
these pins work as output pin and generate the standard audio clock and synchronizing signal. For slave
mode, these pins are input mode and accept the standard audio clock and synchronizing signal. The ADATP
pin is always input mode regardless of operating mode. In order to use the on-chip ADPCM decoder, the
playback port has to run at the master mode. One of audio data in left or right channel should be selected for
playback audio by the PB_LRSEL.

Record Output

To record audio data, the TW5864 provides the digital serial audio data through the ACLKR, ASYNR and
ADATR ports. Sampling frequency comes from 256xfs, 320xfs, or 384xfs audio system clock setting. Even
though the standard 12S and DSP format can have only 2 audio data on left and right channel, the TW5864
can provide an extended 12S and DSP format which can have 16-channel audio data through ADATR pin. The
R_MULTCH defines the number of audio data to be recorded by the ADATR pin. ASYNR signal is always fs
frequency rate. One ASYNR period is always equal to 256xACLKR clock length with AIN5SMD=0. Figure 31
shows the digital serial audio data organization for multi-channel audio.
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FIGURE 31. TIMING CHART OF MULTI-CHANNEL AUDIO RECORD

The following table shows the sequence of audio data to be recorded for each mode of the R_MULTCH
register. The sequences of O ~ F do not mean actual audio channel number but represent sequence only. The
actual audio channel should be assigned to sequence O ~ F by the R_SEQ_O ~ R_SEQ_F register. When the
ADATM pin is used for record via the R_ADATM register, the audio sequence of ADATM is shown also in Table
16.
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TABLE 16. SEQUENCE OF MULTI-CHANNEL AUDIO RECORD
(A) 12S FORMAT

R_MULTCH PIN LEFT CHANNEL RIGHT CHANNEL
ADATR | O 8
° ADATM | F 7
ADATR | 0 | 1 8|9
* ADATM | F | E 7|6
ADATR |0 |1 | 2 | 3 8 9| A|B
2 ADATM | F | E | D | C 7|6 |54
ADATR |0 |1 | 2 | 3 5 8| 9| A|B
3 ADATM | F | E | D | C | B 7/6|5|4 3|2 1|0
(B) DSP FORMAT
R_MULTCH PIN LEFT/RIGHT CHANNEL
ADATR | 0 | 1
° ADATM | F | E
ADATR |0 | 1| 2| 3
' ADATM | F | E | D | C
ADATR |0 | 1| 2|3 |4 |5 |67
2 ADATM | F | E| D|C | B|A |98
ADATR |0 | 1| 2|3 |4 |5|6|7]|8 A D | E
3 ADATM | F | E| D|C | B|A |98 4 1|0
Mix Output

The digital serial audio data on the ADATM pin has 2 different audio data which are mixing audio and
playback audio. The mixing digital serial audio data is the same as analog mixing output. The sampling
frequency, bit width and number of audio for the ADATM pin are same as the ADATR pin because the ACLKR
and ASYNR pins are shared with the ADATR and ADATM pins.

AUDIO MULTI-CHIP CASCADE

TW5864 can output 16 channel audio data on ACLKR/ASYNR/ADATR to the back-end ADPCM module
simultaneously. Therefore, up to 3 external TW2866 chips can be connected on most multi-Chip application
cases. ALINKI pin is the audio cascade serial input, and ALINKO pin is the audio cascade serial output.

Each stage chip can accept 5 analog audio signals so that four cascaded chips will be 16-channel audio
controller as default AINSMD=0. The first stage chip provides 16ch digital serial audio data for record. Even
though the first stage chip has only 1 digital serial audio data pin ADATR for record, the TW5864 can
generate 16 channel data simultaneously using multi-channel format. Also, each stage chip can support 4
channel record outputs that are corresponding with analog audio inputs. This first stage chip can also output
16 channels mixing audio data by the digital serial audio data and analog audio signal. The last stage chip
accepts the digital serial audio data for playback. The digital playback data can be converted to analog signal
by Digital-to-Analog Converter in the last stage chip.
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In Multi-Chip Audio operation mode, one same Oscillator clock source (27 MHz) needs to be connected to all
TW5864 XTI or TW2866 CLKI pins.

Several Master/Slave mode configurations are available. The Figure 32 shows the most recommended and
demanded system with Clock Master Mode (ACLKRMASTER=1).

In each of the following figures, Mix1-16-51-54/Pb1 means Mix output of AIN1-16, AIN51-AIN54, and
Playbackl. AIN1-16-51-54/Pb1 means one selected Audio output in AIN1-16-51-54/Pb1.

If one TW5864 uses AINSMD=1, all other cascaded TW2866 chips must set up AINGMD=1 also. Generally, 4
audio input mode (AINSMD=0) are most used in this cascade system.
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FIGURE 32. RECOMMENDED CLOCK MASTER CASCADE MODE SYSTEM WITH ACLKRMASTER=1
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ACLKP/ASYNP SLAVE MODE DATA OUTPUT TIMING

The following 8 data input timing figures are supported. The ADATPDLY register needs to be set up according
to the difference of ADATP data input timings. Datal is only used as default. MSB bit is the first input bit as
default PBINSWAP=0. If PBINSWAP=1, LSB bit is the first input bit.
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FIGURE 33. AUDIO PLAYBACK FALLING EDGE TRIGGERED INPUT TIMING, RM_SYNC=0, PB_MASTER=0, ADATPDLY=0
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FIGURE 34. AUDIO PLAYBACK FALLING EDGE TRIGGERED INPUT TIMING, RM_SYNC=1, PB_MASTER=0, ADATPDLY=0
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FIGURE 35. AUDIO PLAYBACK FALLING EDGE TRIGGERED INPUT TIMING, RM_SYNC=0, PB_MASTER=0, ADATPDLY=1
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FIGURE 36. AUDIO PLAYBACK FALLING EDGE TRIGGERED INPUT TIMING, RM_SYNC=1, PB_MASTER=0, ADATPDLY=1

ASYNP is ACLKP Rising Edge Triggered Input

1/fs

ASYNP \

craipininininigipininipipipinipipipinin
sorefusl () Jusw) T S () S

i€
Al 14} Al 4]

Data 1 : ' Data 2

FIGURE 37. AUDIO PLAYBACK RISING EDGE TRIGGERED INPUT TIMING, RM_SYNC=0, PB_MASTER=0, ADATPDLY=1
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FIGURE 38. AUDIO PLAYBACK RISING EDGE TRIGGERED INPUT TIMING, RM_SYNC=1, PB_MASTER=0, ADATPDLY=1
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FIGURE 39. AUDIO PLAYBACK RISING EDGE TRIGGERED INPUT TIMING, RM_SYNC=0, PB_MASTER=0, ADATPDLY=0
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FIGURE 40. AUDIO PLAYBACK RISING EDGE TRIGGERED INPUT TIMING, RM_SYNC=1, PB_MASTER=0, ADATPDLY=0
AUDIO CLOCK GENERATION

TW5864 has built-in field locked audio clock generator for use in video capture applications. The circuitry will
generate the same predefined number of audio sample clocks per field to ensure synchronous playback of
video and audio after digital recording or compression. The audio clock is digitally synthesized from the
crystal clock input. The master audio clock frequency is programmable through ACKN and ACKI register
based following two equations.

ACKN = round (F AMCLK / F field), it gives the Audio master Clock per Field.

ACKI = round (F AMCLK / F 27MHz * 2723), it gives the Audio master Clock Nominal increment.

Following table provides setting example of some common used audio frequency assuming Video Decoder
system clock frequency of 27MHz. If ACLKRMASTER register bit is set to 1, following AMCLK is used as audio
system clock inside TW5864.

If Slave Playback-in lock mode is required, ACKN=00100hex and PBREFEN=1 needs to be set up. The
number of AMCLK clock per one ASYNP input cycle is locked (fixed) to 256 in this mode.

Frequency equation is “AMCLK (Freq) = 256 x ASYNP (Freq)”.
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TABLE 17. AUDIO FREQUENCY 256XFS MODE: AIN5SMD = 0, AFS384 = 0

AMCLK(MHZ) FIELD[HZ] ACKN [DEC] ACKN [HEX] | ACKI[DEC] ACKI [HEX]
256 X 48 KHZ
12.288 50 245760 3-C0-00 3817749 3A-41-15
12.288 59.94 205005 3-20-CD 3817749 3A-41-15
256 X 44.1KHZ
11.2896 50 225792 3-72-00 3507556 35-85-65
11.2896 59.94 188348 2-DF-BC 3507556 35-85-65
256 X 32 KHZ
8.192 50 163840 2-80-00 2545166 26-D6-OE
8.192 59.94 136670 2-15-DE 2545166 26-D6-OE
256 X 16 KHZ
4.096 50 81920 1-40-00 1272583 13-6B-07
4.096 59.94 68335 1-0A-EF 1272583 13-6B-07
256 X 8 KHZ
2.048 50 40960 A0-00 636291 9-85-83
2.048 59.94 34168 85-78 636291 9-85-83
TABLE 18. AUDIO FREQUENCY 320XFS MODE: AINSMD = 1, AFS384 = 0, 44.1/ 48 KHZ NOT SUPPORTED
AMCLK(MHZ) FIELD[HZ] ACKN [DEC] ACKN [HEX] | ACKI[DEC] ACKI [HEX]
320 X 32 KHZ
10.24 50 204800 3-20-00 3181457 30-8B-91
10.24 59.94 170838 2-9B-56 3181457 30-8B-91
320X16 KHZ
5.12 50 102400 1-90-00 1590729 18-45-C9
5.12 59.94 85419 1-4D-AB 1590729 18-45-C9
320 X 8 KHZ
2.56 50 51200 C8-00 795364 C-22-E4
2.56 59.94 42709 A6-D5 795364 C22-E4
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TABLE 19. AUDIO FREQUENCY 384XFS MODE: AINSMD = 0, AFS384 = 1, 44.1/48 KHZ NOT SUPPORTED

AMCLK(MHZ) FIELD[HZ] ACKN [DEC] ACKN [HEX] ACKI [DEC] ACKI [HEX]
384 X 32 KHZ
12.288 50 245760 3-C0-00 3817749 3A-41-15
12.288 59.94 205005 3-20-CD 3817749 3A-41-15
384X16 KHZ
6.144 50 122880 1-E0-00 1908874 1D-20-8A
6.144 59.94 102503 1-90-67 1908874 1D-20-8A
384 X 8 KHZ
3.072 50 61440 F0-00 954437 E-90-45
3.072 59.94 51251 C8-33 954437 E-90-45
AUDIO CLOCK AUTO SETUP

If ACLKRMASTER=1 audio clock master mode is selected, and AFAUTO register is set to “1",TW5864 set up
ACKI register by AFMD register value automatically. ACKI control input in ACKG module block is automatically
set up to the required value by the condition of AINSMD and AFS384 register value.

TABLE 20. AUDIO FREQUENCY AUTO SETUP

AFAUTO AFMD ACKG MODULE ACKI CONTROL INPUT VALUE
1 0 8kHz mode value by each AINSMD/AFS384 case.
1 1 16kHz mode value by each AINSMD/AFS384 case.
1 2 32kHz mode value by each AINSMD/AFS384 case.
1 3 44.1kHz mode value by each AINSGMD/AFS384 case.
1 4 48kHz mode value by each AINSMD/AFS384 case.
0 X ACKI register set up ACKI control input value.

Audio Encoding / Decoding

TW5864 provides a simple ADPCM G.726 hardware CODEC, mainly for speech coding purpose. It is used to
map a series of 8-bit u-law (or a-low) PCM samples into a series of 4-bit ADPCM samples.

The ADPCM encoder takes the I12S format audio samples from the on-chip front-end audio analog decoder as
well as the off-chip audio input through the I12S input ports. The ADPCM encoder is capable of encoding 17
audio channels simultaneously.

The ADPCM decoder decodes the 4-bit samples back into the 12S format, and drives the on-chip audio DAC to
drive the external speaker or pre-amplifier for playback purpose. The decoder can decode only 1 audio

channel at a time.
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Host Interfaces

TW5864 supports two types of host interfaces, through which external processors control and interact with
TW5864 for configuration and data transfer. One is through the standard asynchronous memory bus
interface, and the other is through the PCI interface working at either the target or the initiator mode,
depending on the operation. While using as a PC card, the PCl interface is always used. In an embedded
system, either asynchronous host interface or the PCl interface can be used. TW5864 has the same registers
map for these two interfaces so that the firmware on embedded platform does not need to differentiate
which interface is in use except the bus control modules in TW5864 driver.

These two interfaces share some common |I/0 pins, and can only be used exclusively. The interrupt signal is
also shared for both PCI and the asynchronous interface.

The host interface supports several modes: single read / write access, burst read / write access, DDR burst
read / write, and PCI initiator write access.

PCI INTERFACE

The PCI module in TW5864 will work both as an initiator and target. It is an initiator when it is sending the
preview, h264 and audio coded streams to host PC. It is in target mode when PC host is configuring the
registers and programming the chip. The PCl interface supports both 33MHz and 66MHz operation.

Single Read/Write Access

Similar to the asynchronous host interface, the TW5864 PCl interface supports the single read/write
operation. The address space mapping and the entire indirect access / DDR memory page are used the
same way as the asynchronous host interface. Similarly to the asynchronous host interface, the single R/W
access runs in the PCl target mode, which makes the TW5864 a slave device to the external MCU.

Target Burst Read

The PCl target burst read of TW5864 allows the external MCU to burst read a whole block of data of a
continuous address space from TW5864. This target burst read function is only used to access the TW5864
on-chip double buffer A. The double buffer A is only used for DMA movement between the external DDRs and
TW5864.

In order to burst read a space of an external DDR memory, a DMA operation is started to read data from
external DDR into the double buffer A. The MCU then issues target burst read operation to read data from the
double buffer A into the MCU.

A DMA write operation to the external DDR is supported. However the TW5864 does not support PCI target
burst write operation. The MCU has to fill data into the double buffer A through multiple single write
operation. Once the double buffer A is filled, a DMA write operation is started to write the data in double
buffer A into the external DDR.

Master Burst Write

The TW5864 PCl interface can act as a PCl initiator to burst write a block of data automatically into the
memory space of the external MCU. This master burst write function is used by several modules - H264
encoder, the audio ADPCM encoder, and the PCI preview module. When this mode is used, the bitstreams or
data sent by each module does not go through the external DDR. They are sent from each module into a
buffer for each path, and push into the external MCU memory space.

ASYNCHRONOUS INTERFACE

In addition to the PCI host interface, TW5864 also support commonly used Asynchronous Interface. The most
commonly used ARM and PPC processors are supported. The data width can be either 16 bit or 32bit.
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Asynchronous host interface only supports single access read and write operation. Using this interface, the
TW5864 is always slave to the external MCU. The MCU issue single word read/write operation to access all
registers / memory space inside the address map.

The address space of this asynchronous host interface is the same as the PCl interface. It includes all the on-
chip registers, a page of space mapped for the external DDR_A and DDR_B, and an indirect access
mechanism to read/write the registers at the front-end video / audio decoder registers and external preview
multiplexing control registers.

The external DDRs are mapped into a page of address space through a page select register. Each page is 16
Kbytes. The page select register select a page area in either of the external DDRs such that accessing to this
address space is equivalent to access the external DDR directly.

Some front-end registers related to embedded video decoder / audio decoder / preview multiplexing
previews are accessed through indirect access through the registers 0xBS00 ~ 0xB8O0C.

Although the asynchronous host interfaces only support single word read / writes operation, a block move is
possible as long as the external MCU has a DMA controller to access a block of address space continuously
though multiple single access automatically.

External DRAM Interface

TW5864 uses two external DDR SDRAMs for various functions. The memory controller of the TW5864
supports 16-bit data width up to 166 MHz clock rate. The memory capacity is 256 Mbytes. The capacity used
depends on the feature used on TW5864. If the TW5864 is used for 4 D1 / 16 CIF configuration, and
minimum capacity of 256 Mbytes can be used. If, however, a 16 non-real-time D1 configuration is used, a
much bigger video frame buffer is needed. At this time DDR of 1 Bytes of memory is needed.

When the chip is powered up, the CPU is responsible for setting all the on-chip configuration registers for DDR
memory configuration. Once the registers are set, the CPU releases the software reset signal, then the DDR
memory controller initializes the DDR memory configuration using the parameters in the registers. After the
initialization is done, the DDR memory is ready for use. After the initialization, the memory controller does
the memory refresh automatically.
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HW Operation Flow

The key data paths on TW5864 for various encoding and decoding functions are illustrated in Figure 41. The
HW operational flow for the four major functions (H.264, JPWG, Audio, Preview) in TW5864 will be described

in detail subsequently.

FIGURE 41. TW5864 HW DATA FLOW
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H264 Encoding Data Flow

The H264 encoding data flow on TW5864 is shown in the figure below. The video data are captured into the
external DDR memory by the video capture module. All the previous encoded reference frames are also
stored in the DDR. From there, the H264 encoder generates the reference frame pixels for used for future
use into the external DDR. The encoded VLC bitstream is either stored back into DDR, or simply write into the
double buffer B.

When the VLC bitstream is stored in the DDR, the external MCU instruct the on-chip DMA module to move the
data from external DDR into the double buffer A, from which the external MCU can perform single read or PCI
target burst read to move the data from double buffer A into the MCU memory space.

When the VLC bitstream is stored in the double buffer B, the external MCU simply read the bitstream from
this data buffer through either single read or PCl target burst read.

With the coded VLC stream in DDR, the MCU has more flexibility in performing the data movement. While if
the codec VLC stream is stored in double buffer B, the MCU has to attend to read the data stream quickly to
make sure the buffer is not over flown.

When PCI master mode is used, the encoded VLC stream can be pushed into the MCU memory space
automatically, as shown in the green arrow below.
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MJPEG Encoding Data Flow
TW5864 MJPEG encoder always encodes the frames/fields back into the DDR memory.

The only way MCU fetch the encoded bitstream is through the double buffer A.
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ADPCM Encoding Data Flow

Audio ADPCM coded bitstream can be fetched either through the external DDR, or it can be pushed into the
audio buffer when PCI master mode is used.
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ADPCM Decoding Data Flow

Audio ADPCM decoder bitstream can be put into the DDR through either double buffer A, or just through
single access read/write of external DDR through page mode mapping. Once the bitstream is in the DDR, the
ADPCM decoder can be started to decode and output audio samples through I2S interface.
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PCI Preview Data Flow

TW5864 PCI preview path only allows data to push into the external MCU memory space through PCl master
mode. The data does not go through the external DDR memory.
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Register Description - Direct Map Space
0x0000 ~ Ox1FFC -- H264 Register Map

Address [15:0]
0x0000 H264REV
H264REV The Version register for H264 core (Read Only)
Address [7] | [6] [5] [4] [3] [2] [1] [0]
0x0004 DSP_FRAME_TYPE EMU_EN_PLBK EMU_EN_LPF EMU_EN_BHOST EMU_EN_SEN EMU_EN_ME EMU_EN_DDR
EMU_EN_DDR DDR controller enabled
EMU_EN_ME Enable bit for Inter module
EMU_EN_SEN Enable bit for Sensor Interface module
EMU_EN_BHOST Enable bit for Host Burst Access
EMU_EN_LPF Enable bit for Loop Filter module
EMU_EN_PLBK Enable bit for PLBK module
DSP_FRAME_TYPE Video Frame mapping in DDR
00 CIF
01 D1
10 Reserved
11 Reserved
Address (7] [6] [5] [4] [3] [2] [1] [0]
RESERVED MAS_SLICE_END RESERVED VLC_SLICE_END
0x000C [15] [14] | [13] [12] 11 | [10] | 9] 8]
START_NSLICE RESERVED
VLC_SLICE_END VLC Slice end flag
MAS_SLICE_END Master Slice End Flag
START_NSLICE Host to start a new slice
Address [15:0]
0x0010 ENC_BUF_PTR_REC[15:0]
ENC_BUF_PTR_REC Two bit for each channel (channel O ~ 7). Each two bit is the buffer
pointer for the last encoded frame of the corresponding channel.
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Address 7] [6] B | W | @B | @ [1] [0]
DSP_MB_QP
0x0018 [15] [14] [13] | [12] | [11] | [10] 9] 8]
DSP_LPF_OFFSET
DSP_MB_QP H264 QP Value for codec
DSP_LPF_OFFSET H264 LPF_OFFSET (Default O)
Address 71 [61 Bl | @ [ B [ @ [1 [0]
HD1_MAP_MD CIF_MAP_MD VLC_BUF_ID IDSP_CODEC_MODE
0x001C [15] [14] [13] [12] [11] [10] ] 8]
MV_FLAG_VLD MV_VECT_VLD VLC_VLD
DSP_CODEC_MODE 0 Encode (TW5864B Default)
1 Decode
VLC_BUF_ID 0->3 4 VLC data buffer in DDR (1M each)
0->7 8 VLC data buffer in DDR (512k each)
CIF_MAP_MD 0 4CIFin 1 MB
1 1CIF in 1 MB
HD1_MAP_MD 0 2 half D1in 1 MB
1 1 half D1in 1 MB
VLC_VLD VLC Stream valid
0 Invalid
1 Valid
MV_VECT_VLD MV Vector Valid
0 Invalid
1 Valid
MV_FLAG_VLD MV Flag Valid
0 Invalid
1 Valid
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Address 7] [6] [5] [4] [3] 2 | m |
DSP_SEN_PIC_CHM DSP_SEN_PIC_LU
0x0020 [15] [14] [13] [12] [11] [10] | [9] | 8]
DSP_SEN_HFULL DSP_SEN_PIC_MAX
DSP_SEN_PIC_LU Org Buffer Base for Luma (default 0)
DSP_SEN_PIC_CHM Org Buffer Base for Chroma (default 4)
DSP_SEN_PIC_MAX Maximum Number of Buffers (default 4)
DSP_SEN_HFULL Original Frame D1 or HD1 switch (Default O)
Address m | ® | B | @ 3] 2 | w | o
DSP_REF_PIC_CHM DSP_REF_PIC_LU
0x0024 [15] | [14] | [13] | [12] [14] [10] | 9] | 8]
DSP_REF_PIC_MAX

DSP_REF_PIC_LU
DSP_REF_PIC_CHM

DSP_REF_PIC_MAX

Ref Buffer Base for Luma (default O)

Ref Buffer Base for Chroma (default 4)

Maximum Number of Buffers (default 4)

Address

[15:0]

0x0028

SEN_EN_CH

SEN_EN_CHIn]

SENIF original frame capture enable for each channel
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Address 7] [6] Bl | M B [ @2 | w ] o
DSP_FLW_CNTL DSP_CHROM_SW | DSP_MB_WAIT DSP_ENC_CHN
0x002C [15] [14] [13] | [12] [11] | [10] | 9] | 8]
I DSP_MB_DELAY
DSP_ENC_CHN The ID for channel selected for encoding operation
DSP_MB_WAIT Control for MB Delay. See Description below.
DSP_CHROM_SW DSP Chroma Switch
0 DDRB
1 DDRA
DSP_FLW_CNTL VLC Flow Control
0 Disable
1 Enable
DSP_MB_DELAY If DSP_MB_WAIT == 0, the MB delay is
DSP_MB_DELAY * 16
If DSP_MB_DELAY == 1, the MB delay is
DSP_MB_DELAY * 128
Address 7] [61 Bl [ @ | B [ @ 1] [0l
DDR_PAGE_CNT
0x0030 [15] [14] [13] | [12] [11] [10] [9] 8]
DDR_MODE DDR_AB_SEL DDR_BRST_EN |
DDR_PAGE_CNTL DDR Single Access Page Number
DDR_BRST_EN DDR-DPR Burst Read Enable
1 Enable
0 Disable
DDR_AB_SEL DDR A/B Select as HOST access
0 Select DDRA
1 Select DDRB
DDR_MODE DDR Access Mode Select
0 Single R/W Access (Host <-> DDR)
1 Burst R/W Access (Host <-> DPR)
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Address [15:0]
0x0038 SENIF_ORG_FRM_PTR [15:0]
0x003C SENIF_ORG_FRM_PTR [31:16]
SENIF_ORG_FRM_PTR  The original frame capture pointer. Two bits for each
channel.
Address [15:0]
0x004C ENC_BUF_PTR_REC[31:16]
ENC_BUF_PTR_REC Two bit for each channel (channel 8 ~ 15). Each two bit is the buffer
pointer for the last encoded frame of a channel
Address m [ Bl | M B | @ w | o
CH3_MV_PTR CH2_MV_PTR CH1_MV_PTR CHO_MV_PTR
0x0060 [15] | [14] [13] | [12] [11] | [10] ] | 18]
CH7_MV_PTR CH6_MV_PTR CH5_ MV_PTR CH4_ MV_PTR
m [ s 61 | M Bl | @ w | o
CHB_ MV_PTR CHA_MV_PTR CH9_ MV_PTR CH8_MV_PTR
0x0064
5] | 114 131 | 2 11 | [0 o | @
CHF_MV_PTR CHE_MV_PTR CHD_MV_PTR CHC_ MV_PTR
CHn_MV_PTR Current MV Flag Status Pointer for Channel n. (Read only)
Address [15:0]
0x0068 RST_MV_PTR

RST_MV_PTR[n]

Reset Current MV Flag Status Pointer for Channel n.
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Address (7] [6] (5] [4] [3] (2] [1] [0]
DSP_DWN_Y DSP_DWN_X DI_MD DI_EN
0x0200 [15] [14] [13] [12] [11] [10] 9] 8]
DUAL_STR
DSP_INTER_ST Inter_Mode Start
DI_EN Deinterlacer Enable (1 to enable)
DI_MD De-interlacer Mode
1 Shuffled frame
0 Normal Un-Shuffled Frame
DSP_DWN_X Down scale original frame in X direction
11: Un-used
10: down-sample to ¥4
01: down-sample to ¥2
00: down-sample disabled
DSP_DWN_Y Down scale original frame in Y direction
11: Un-used
10: down-sample to v
01: down-sample to ¥2
00: down-sample disabled
DUAL_STR 1 Dual Stream
0 Single Stream
Address 7] I EEEEE 3] [2] m | o
DSP_WIN_SIZE[3:0] DSP_REF_FRM
0x0204 [15] [14] [13] [12] [11] [10] [9] | 8]
DSP_WIN_SIZE[5:4]
DSP_REF_FRM Number of reference frame (Default 1 for TW5864B)
DSP_WIN_SIZE Window size
Address 7] e | B | w | m’ | =& ] w [ o
DSP_SKIP_OFEN DSP_SKIP_OFFSET
0x0208 [15] [14] | [13] | [12] | [11] | [10] | ] | 18]
RESERVED

DSP_SKIP_OFEN Skip Offset Enable bit
0 DSP_SKIP_OFFSET value is not used (default 8)
1 DSP_SKIP_OFFSET value is used in HW

DSP_SKIP_OFFSET Skip mode cost offset (default 8)
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Address [7] (6] (5] [4] [3] [2] [1] [0]
0x020C SRCH_OPT SKIP_EN INTRA_EN ME_EN HPEL_EN QPEL_EN
QPEL_EN Enable quarter pel search mode
HPEL_EN Enable half pel search mode
ME_EN Enable motion search mode
INTRA_EN Enable Intra mode
SKIP_EN Enable Skip Mode
SRCH_OPT Search Option (Default 2'b01)
Address [7] (6] [5] | (4] [3] [2] [1] [0]
DSP_ENC_REF_PTR
0x0210 [15] [14] [13] | [12] [11] [10] [9] [8]
DSP_REC_BUF_PTR
DSP_ENC_REF_PTR Reference Buffer Pointer for encoding
DSP_REC_BUF_PTR Reconstruct Buffer pointer
Address [15:0]
0x0214 DSP_REF_MVP_LAMBDA
DSP_REF_MVP_LAMBDA Lambda Value for H264
Address [7] 6 |  ® W | B ] @ [ [0]
DSP_PIC_MAX_MB_Y
0x0218 [15] [14] | [13] [12] | [11] | [10] 9 8]
DSP_PIC_MAX_MB_X
DSP_PIC_MAX_MB_Y The MB number in Y direction for a frame
DSP_PIC_MAX_MB_X The MB number in X direction for a frame
Address [7] [6] [5] [4] [3] [2] [1] [0]
0x021C [15] [14] [13] [12] [11] [10] [9] [8]
DSP_ENC_ORG_PTR

DSP_ENC_ORG_PTR

The original frame pointer for encoding
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Address [45:0]
0x0220 DSP_OSD_ATTRI_BASE
DSP_OSD_ATTRI_BASE DDR base address of OSD rectangle attribute data
Address [15:0]
0x0228 DSP_OSD_ENABLE
DSP_ OSD_ENABLE OSD enable bit for each channel
Address [15:0]
0x0280
OxO2FC ME_MV_VEC
0x0280 ~ 0x029C - Motion Vector for 1st 4x4 Block, e.g., 80 (X), 84 (Y)
0x02A0 ~ Ox02BC - Motion Vector for 2n 4x4 Block, e.g., AO (X), A4 (Y)
0x02C0 ~ 0x02DC - Motion Vector for 3 4x4 Block, e.g., CO (X), C4 (Y)
0x02EO0 ~ 0x02FC - Motion Vector for 4th 4x4 Block, e.g., EO (X), E4 (Y)
Address 71 [61 sl | @wm | o’ | =2 ] w [ o
Dsp_idx4_offset
0x040C [15] [14] [13] | [12] | [11] | [10] | ] | 18]
DSP_l4x4_OffSET if (intral6x16_cost < (intradx4_cost+dsp_idx4_offset))
Intra_mode = intral6x16_mode
Else
Intra_mode = intra4x4_mode
Address m [ @ | | @ | ®’ | =2 | M [0]
l DSP_INTRA_MODE | | |
0x0410 [15] | [14] | [13] | [12] | [11] | [10] | ] 8]
DSP_INTRA_MODE 0x5 Only 4x4
0x6 Only 16x16
Ox7 16x16 & 4x4
Address 7] [6] B | w | ® | @& [ m | o
Dsp_i4x4weight
0x0414 [15] [14] [13] | [12] | [11] | [10] | ] | 8]

DSP_l4x4_WEIGHT

WEIGHT Factor for 14x4 cost calculation

(QP dependent)
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Address m | w | ®m | 4w | ®B | =2 [ w [ o
DSP_RESID_MODE_OFFSET
0x0604 ms) | w4 [ ma | n2 [ @y [ no | 9] | 8l
RESERVED
DSP_RESID_MODE_OFFSET
Offset used to affect Intra/ME model decision
If (me_cost < intra_cost + dsp_resid_mode_offset)
Pred_Mode = me_mode
Else
Pred_mode = intra_mode
Address [15:0]
0x0800-
XO9FF QUAN_TABLE
QUAN_TAB Quantization TABLE Values
Address [15:0]
0x0CnO RT_CNTR_CHn_FRMO
0x0Cn4 RT_CNTR_CHNn_FRM1
0x0Cn8 RT_CNTR_CHn_FRM2
0x0CnC RT_CNTR_CHn_FRM3

RT_CNTR_CHn_FRMO RT_CNTR_CHn, channel_n from 0 to f
RT_CNTR_CHn_FRM1
RT_CNTR_CHn_FRM2

RT_CNTR_CHNn_FRM3
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Address (7] (6] [5] (4] | [3] [2] [1] [0]
BUS1_D1 FRAME_1 PROG_1B PROG_1A
0x0D00 [15] [14] [13] [12] | [11] [10] [9] [8]
BUS2_D1 FRAME_2 PROG_2B PROG_2A
(7] (6] [5] (4] | [3] [2] [1] [0]
BUS3_D1 FRAME_3 PROG_3B PROG_3A
0x0D04
[15] [14] [13] [12] | [11] [10] [9] [8]
BUS4_D1 FRAME_4 PROG_4B PROG_4A
PROG_nA 1 Progressive in part Ain bus n
0 Interlaced in part A in bus n
PROG_nB 1 Progressive in part B in bus n
0 Interlaced in part B in bus n
FRAME_n 1 Frame Mode in bus n
0 Field Mode in bus n
BUSn_D1 0 4CIF in bus n
1 1D1 + 4 CIFin busn
2 2D1in bus n
Address [15:0]
0x0D08 SENIF_HOR_MIR
0x0DOC SENIF_VER_MIR
SENIF_HOR_MIR[n] 1 Horizontal Mirror for channel n
0 Normal
SENIF_VER_MIR[n] 1 Vertical Mirror for channel n
0 Normal
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Address

[9:0]

0x0D10

FRAME_WIDTH_BUSO_A

0x0D14

FRAME_WIDTH_BUSO_B

0x0D18

FRAME_HEIGHT_BUSO_A

0x0b1C

FRAME_HEIGHT_BUSO_B

0x0D20

FRAME_WIDTH_BUS1_A

0x0D24

FRAME_WIDTH_BUS1_B

0x0D28

FRAME_HEIGHT_BUS1_A

0x0D2C

FRAME_HEIGHT_BUS1_B

0x0D30

FRAME_WIDTH_BUS2_A

0x0D34

FRAME_WIDTH_BUS2_B

0x0D38

FRAME_HEIGHT_BUS2_A

0x0D3C

FRAME_HEIGHT_BUS2_B

0x0D40

FRAME_WIDTH_BUS3_A

0x0D44

FRAME_WIDTH_BUS3_B

0x0D48

FRAME_HEIGHT_BUS3_A

0x0D4C

FRAME_HEIGHT_BUS3_B

FRAME_WIDTH_BUSN_A

FRAME_WIDTH_BUSN_B

FRAME_HEIGHT_BUSN_A

FRAME_HEIGHT_BUSNn_B
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Ox15F: 4 CIF

Ox2CF: 1 D1 + 3 CIF

Ox2CF: 2 D1

Ox15F: 4 CIF

Ox2CF: 1 D1 + 3 CIF

Ox2CF:2 D1

Ox11F: 4CIF (PAL)

0x23F: 1D1 + 3CIF (PAL)

Ox23F:2 D1 (PAL)

OXOEF: 4CIF (NTSC)

Ox1DF: 1D1 + 3CIF (NTSC)

Ox1DF: 2 D1 (NTSC)

Ox11F: 4CIF (PAL)

Ox23F: 1D1