Camera MIPI 协议理解

一、D-PHY
1、传输模式
LP（Low-Power） 模式：用于传输控制信号，最高速率 10 MHz
HS（High-Speed）模式：用于高速传输数据，速率范围 [80 Mbps， 1Gbps] per Lane
传输的最小单元为 1 个字节，采用小端的方式及 LSB first，MSB last。
2、Lane States
* LP mode 有 4 种状态： LP00、LP01（0）、LP10（1）、LP11 （Dp、Dn）
* HS mode 有 2 种状态： HS-0、HS-1
各状态对应的Dp，Dn定义如下:
[image: ]
MIPI D-PHY Specification-1.0, P35

HS 发送器发送的数据 LP 接收器看到的都是 LP00，

3、Lane Levels
* LP： 0 ~ 1.2V
* HS： 100 ~ 300mV，HS common level = 200mV，swing = 200 mv
对应到高通平台，高通文档把各个状态对应的high，low具体到了电压值：
[image: ]
其中Single-ended land states即LP模式，differential lane states即HS模式。

4、操作模式
在数据线上有 3 种可能的操作模式：Escape mode, High-Speed (Burst) mode and Control mode，下面是从停止状态进入相应模式需要的时序：
* Escape mode 进入时序：LP11→LP10→LP00→LP01→LP00，退出时序：LP10→LP11
当进入 Escape mode 需要发送 8-bit entry command 表明请求的动作，比如要进行低速数据传输则需要发送 cmd： 0x87，进入超低功耗模式则发送 cmd： 0x78。在 DSI 中 LP 通讯只用 Data Lane 0。
* High-Speed mode 进入时序：LP11→LP01→LP00→SoT(0001_1101)，退出时序：EoT→LP11，时序图如下：
[image: IMG_256]
* Turnaround 进入时序：LP11→LP10→LP00→LP10→LP00，退出时序：LP00→LP10→LP11
这是开启 BTA 的时序，一般用于从 slave 返回数据如 ACK： 0x84。
5、时序要求
在调试 DSI 或者 CSI 的时候， HS mode 下的几个时序非常重要：T_LPX，T_HS-SETTLE ≈ T_HS-PREPARE + T_HS-ZERO，T_HS-TRAIL，一般遵循的原则为：Host 端的 T_HS-SETTLE > Slave 端的 T_HS-SETTLE。
[image: ]
6、数据包类型
 短包：4 bytes，由 3 部分组成：
* Data Identifier (DI) * 1byte： Contains the Virtual Channel[7:6] and Data Type[5:0].
* Packet Data * 2byte：Length is fixed at two bytes
* Error Correction Code (ECC) * 1byte：allows single-bit errors to be corrected and 2-bit errors to be detected.
长包：6 ~ 65541 bytes，同样由 3 部分组成：
* Packet Header(4 bytes) - 包头
Data Identifier (DI) * 1byte：Contains the Virtual Channel[7:6] and Data Type[5:0].
Word Count (WC) * 2byte：defines the number of bytes in the Data Payload.
Error Correction Code (ECC) * 1byte：allows single-bit errors to be corrected and 2-bit errors to be detected.
* Data Payload(0~65535 bytes) - 有效数据
Length = WC × bytes
* Packet Footer(2 bytes)：Checksum - 包尾
If the payload has length 0, then the Checksum calculation results in FFFFh
If the Checksum isn’t calculated, the Checksum value is 0000h

7,
MIPI规定，传输过程中，包内是200mV、包间以及包启动和包结束时是1.2V，两种不同的电压摆幅，需要两组不同的LVDS驱动电路在轮流切换工作；为了传输过程中各数据包之间的安全可靠过渡，从启动到数据开始传输，MIPI定义了比较长的可靠过渡时间，加起来最少也有600多ns；而且规定各个时间参数是可调的，所以需要一定等待时间，需要缓存，我们用寄存器代替FIFO，每通道128Byte。 
数据与时钟的相位关系： 
[image: 这里写图片描述]
CLKp是高电平，CLKn是低电平的时候，差分信号表现为高电平。 
CLKn是高电平, CLKp是低电平的时候，差分信号表现为低电平。 
所以结果就可以等效成红线描述的正弦。 
从正弦可以看出，data在clk的高电平和低电平都有传输数据。
数据通道进入和退出SLM(即睡眠模式)的控制： 
[image: 这里写图片描述]
mipi信号传输分为单端和差分传输。例如： 
LP-00, LP-01, LP-10, LP-11 (单端) 
HS-0, HS-1 (差分) 
Ultra-Low Power State entry command: 00011110 是差分传输，读取方法和上面提到的clk是一样的，需要注意的是Dp和Dn如果同时是高电平或同时是低电平的时候是无效数据，这个时候大概对应的是clk正弦的峰值，只有其中一个是高一个是低才是有效的差分数据。


Camera Serial Interface 2
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Other information like:
9.5 Packet Header Error Correction Code
12  Recommended Memory Storage
Annex A JPEG8 Data Format (informative)
Annex C CSI-2 Recommended Receiver Error Behavior (informative)
Annex E Data Compression for RAW Data Types (normative)
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image8.png
Transmitter Receiver

Applicmion Application
Pixel Pixel Control
{L(—H—H—I—H—&7&1l}|2 |L15|&|&W2Lh|s—>ﬁ ‘HHH
Data Formats _ Control
Pl)ml to Byte Byte to Pixel
Packing Formats Unpﬂckmg Formats
Data Control Control
Lleow T[] ﬁ eos T[]
Data Control Packet Based Protocol Control
Low Level Protocol | | Arbitrary Data Support Low Level Protocol
Data Control Conkrol
ILewe T 1T e I
Lane Management Lane Distribution/Lane Merging Lane Management
Layer Layer
I Lo T 7 e TT]
Data Control Generation / Detection of packet start Control
and stop signaling
PHY Layer Serializer / Deserializer PHY Layer
Clock Generation / Recovery (DDR)
Electrical Layer
""""" High Speed Unidirectional Clock TT

Lane 1 - High Speed Unidirectional Data

Lane N - High Speed Unidirectional Data
Figure 2 CSI-2 Layer Definitions





image9.png
Byte 5
Byted
Byte3
Byte 2
Byte 1
Byte 0

Byte3
Byte 2
Byte 1
Byte 0

i

SerDes

——

f—
Lane 1

-

-

Single Lane
Link

Byte Stream
(Conceptual)

Byte 5

Byted

Byte3

Byte 2

Byte 1

Byte 0

¥

Lane Distribution Function

i

i

Byte 4 Byte 5 Byte 6 Byte 7
Byte 0 Byte 1 Byte2 Byte 3
i i i i
SerDes SerDes SerDes SerDes
N T -
Lane 1 Lane 2 Lane 3 Lane 4
Four Lane Link

Figure 20 Conceptual Overview of the Lane Distributor Function




image10.png
Single Lane

Link Four Lane Link
——

5 Y 13 3 3
Lane 1 Lane 1 Lane 2 Lane 3 Lane 4
[[serpes | [[serpes | [[sedes | [ sedes | [ serdes |
i i i ¥ i
Byied Byted Byte 5 Byte 6 Byte
Byte2 Byte 0 Byte 1 Byte 2 Byted

By i i i i
Byte 0 | Lane Merging Function ‘

] ]

Byie5 Byie5

Bred Byte Stream Bred

Byte3 (Conceptual) Byte3

Byte2 Byte2

Byte 1 Byte 1

Byte 0 Byte 0
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Number of Bytes, N, transmitted is an integer multiple of the number of lanes:
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Number of Bytes, N, transmitted is NOT an integer multiple of the number of lanes:
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Figure 24 Four Lane Multi-Lane Example
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Figure 34 Interleaved Video Data Streams Examples
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Table 3 Data Type Classes

Data Type Description
0x00 to 0x07 Synchronization Short Packet Data Types
0x08 to 0xOF Generic Short Packet Data Types
0x10 to 0x17 Generic Long Packet Data Types
0x18 to Ox1F YUV Data
0x20 to 0x27 RGB Data
0x28 to 0x2F RAW Data
0x30 to 0x37 User Defined Byte-based Data
0x38 to 0x3F Reserved
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Table 6 Synchronization Short Packet Data Type Codes

Data Type Description
0x00 Frame Start Code
0x01 Frame End Code
0x02 Line Start Code (Optional)
0x03 Line End Code (Optional)
0x04 to 0x07 Reserved
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9.8.1 Frame Synchronization Packets

containing synchronization codes.
_the Frame End Code. See Table 6 for a description of the synchronization code data types.

For FS and FE synchronization packets the Short Packet Data Field shall contain a 16-bit frame number.
This frame number shall be the same for the FS and FE synchronization packets corresponding to a given
frame.

The 16-bit frame number, when used, shall be non-zero to distinguish it from the use-case where frame
number is inoperative and remains set to zero.

The behavior of the 16-bit frame number shall be as one of the following
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Table 7 Generic Short Packet Data Type Codes

Data Type Description
0x08 Generic Short Packet Code 1
0x09 Generic Short Packet Code 2
0x0A Generic Short Packet Code 3
0x0B Generic Short Packet Code 4
0x0C Generic Short Packet Code 5
0x0D Generic Short Packet Code 6
0x0E Generic Short Packet Code 7
0xOF Generic Short Packet Code 8
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Note that the VVALID, HVALID and DVALID signals in the figures in this section are only concepts to
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Figure 45 Multiple Packet Example
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The period between the Packet Footer of one long packet and the Packet Header of the next long packet is
called the Line Blanking Period.

The period between the Frame End packet in frame N and the Frame Start packet in frame N+1 is called the
Frame Blanking Period (Figure 47).

The Line Blanking Period is not fixed and may vary in length. The receiver should be able to cope with a
near zero Line Blanking Period as defined in [MIPI01]. The transmitter defines the minimum time for the
Frame Blanking Period. The Frame Blanking Period duration should be programmable in the transmitter.

Frame Start and Frame End packets shall be used.

Recommendations (informative) for frame start and end packet spacing:

e The Frame Start packet to first data packet spacing should be as close as possible to the minimum
packet spacing

e The last data packet to Frame End packet spacing should be as close as possible to the minimum
packet spacing

The intention is to ensure that the Frame Start and Frame End packets accurately denote the start and end of
a frame of image data. A valid exception is when the positions of the Frame Start and Frame End packets
are being used to convey pixel level accurate vertical synchronization timing information.
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The positions of the Frame Start and Frame End packets can be varied within the Frame Blanking Period in
order to provide pixel level accurate vertical synchronization timing information. See Figure 48.

Line Start and Line End packets shall be used for pixel level accurate horizontal synchronization timing
information.
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The positions of the Line Start and Line End packets, if present, can be varied within the Line Blanking
Period in order to provide pixel accurate horizontal synchronization timing information. See Figure 49.
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9.11 Packet Data Payload Size Rules

For YUV, RGB or RAW data types, one long packet shall contain one line of image data. Each long packet

of the same Data Type shall have equal length when packets are within the same Virtual Channel and when
packets are within the same frame. An exception to this rule is the YUV420 data type which is defined in
section 11.2.2.

For User Defined Byte-based Data Types, long packets can have arbitrary length. The spacing between
packets can also vary.




image35.png
The total size of data within a long packet for all data types shall be a multiple of eight bits. However, it is
also possible that a data type's payload data transmission format, as defined elsewhere in this specification,
imposes additional constraints on payload size. In order to meet these constraints it may sometimes be
necessary to add some number of "padding" pixels to the end of a payload e.g., when a packet with the
RAWI10 data type contains an image line whose length is not a multiple of four pixels as required by the
RAWI0 transmission format as described in Section 11.4.4. The values of such padding pixels are not
specified.
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Table 2 Lane State Descriptions

State Code Line Voltage Levels High-Speed Low-Power
Dp-Line Dn-Line Burst Mode Control Mode | Escape Mode

HS-0 HS Low HS High Differential-0 N/A, Note 1 N/A, Note 1
HS-1 HS High HS Low Differential-1 N/A, Note 1 N/A, Note 1
LP-00 LP Low LP Low N/A Bridge Space

LP-01 LP Low LP High N/A HS-Rgst Mark-0

LP-10 LP High LP Low N/A LP-Rgst Mark-1

LP-11 LP High LP High N/A Stop N/A, Note 2
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Table 9 Generic 8-bit Long Packet Data Types

Data Type Description
0x10 Null
0x11 Blanking Data
0x12 Embedded 8-bit non Image Data
0x13 Reserved
0x14 Reserved
0x15 Reserved
0x16 Reserved
0x17 Reserved
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Table 10 YUV Image Data Types

Data Type Description
0x18 YUV420 8-bit
0x19 YUV420 10-bit
0xI1A Legacy YUV420 8-bit
0x1B Reserved
0xI1C YUV420 8-bit (Chroma Shifted Pixel Sampling)
0xID YUV420 10-bit (Chroma Shified Pixel Sampling)
0xIE YUV422 8-bit
OxIF YUV422 10-bit





image46.png
Table 16 RGB Image Data Types

Data Type Description
0x20 RGB444
0x21 RGBS555
0x22 RGB565
0x23 RGB666
0x24 RGB888
0x25 Reserved
0x26 Reserved
0x27 Reserved
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= Possible single-ended lane states

Lane state name | DP value* | DN value*
LP-00 oV oV
LP-01 oV 880 mV/
LP-10 880 mV/ ov

LP-11 880 mV. 880 mv
*Voltage values are examples only

= Possible differential lane states

Lane state name DP value* | DN value*
HS-0 oV 360 mV
HS-1 360 mV/ ov

“Voltage values are examples only
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Table 20 RAW Image Data Types

Data Type Description
0x28 RAW6
0x29 RAW7
0x2A RAWS
0x2B RAWI10
0x2C RAWI2
0x2D RAWI14
0x2E Reserved
0x2F Reserved
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Table 27 User Defined 8-bit Data Types

Data Type Description
0x30 User Defined 8-bit Data Type 1
0x31 User Defined 8-bit Data Type 2
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Data Type

Description

0x32 User Defined 8-bit Data Type 3
0x33 User Defined 8-bit Data Type 4
0x34 User Defined 8-bit Data Type 5
0x35 User Defined 8-bit Data Type 6
0x36 User Defined 8-bit Data Type 7
0x37 User Defined 8-bit Data Type 8
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Figure 132 Implementation Example Block Diagram and Coverage
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Figure 133 CSI-2 Transmitter Block Diagram
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Figure 134 CSI-2 Receiver Block Diagram
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Figure 14 High-Speed Data Transmission in Bursts




image5.png
Reference Time

RS

A E—

CLKp

CLKn

Figure 51 Data to Clock Timing Definitions
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