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摘  要 

ꜚ Ḥ ȁ Ҍ ȁᾢ

₮ ץ ΐ ᵣḤ Ḥ ⱬ ꜚ ⌠ ץ̆

Ἕȁ ȁ ᵣ Ⱶ Ȃ ̆ ꜚ

Һ ᶭ ᶫ ̆ ᾟ Ҭ Ҍ Ȃ ̆ ᵥ

ꜚ ⱳ ᴆҊ ᶏ̆ ᵣ ᴰ ̆

ᵣ ’Ҋ̆ ᵞ ᵣⱳ ̆

̆ ҹ ᵣ Ḥ ῏ Ȃ 

ץ ᴨ ҹҺ ̆ ᵣ ḤҬ ⱳ ᴨ

ᵀ ῀ ̆ Ҋ₃ץ ῤ ̔ 

̂1̃ ᾢ№ Ҭ ̆

Ḥ ȁḤ ̆ ₮ѿ ᴰ ⌠ ᵀ

Ȃ ץ ҹ ᵝ̆ ̆ Ҭ Ḥ Ḥ

̆ ᵀ Ȃᴏ ̆ Ҍ Ḥ

Ҋ̆ № ↓ᵀ Ẓ ԍ 8˿̆ Ẓ

└ 0.9 dBץῤȂ 

̂2̃ҹ ‗ ԑ ԍ Ḥ Ḥ ᴰ ᵀ

̆ ᾢ№ Ҭ ԍ ҡ ₮

̆ ԍ ⌠ ᵀ ᵬ ҉̆ №

̆ ₮ ̆ ₮ѿ ԍ Ḥ ᴰ ᵀ Ȃᴏ

̆ Ḥ ’ ᴆҊ̆ № ↓ᵀ

ԍ 5˿̆ └ 1dBץῤ̕ Ḥ ’ ᴆҊ̆ Ḥ

ׅ Ḡ ᵞ ᵀ Ȃ 

̂3 ҹ̃ ‗ ⱳ ᴨ ̆ № ⌠

Ἕ Ḥ ᴨ ҉̆ ₮ѿ ‗ᴨ ̆

ᾟ№≠ ȁᴨ ץ ῤ ῏ ̆ ᵞ ᴨ

̆ ᵞ ̆ ғҌᶭ ԍ∆ṿ ̆ ῃ ᴨ

Ȃᴏ ̔ ҍ ‗ ᴨ ӊѿ SQP
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̆ Ḡ ╠ Ҋ̆ ⁞ 87.1˿ ᵬȂ 

̂4 ҹ̃ԅ≠ ᵣḤ ᴰ ᴨ № ̆

Ḥ Ҍ Ḡ ⱳ Ҍ № ѿ ̆ № ⌠ Ἕ

Ḥ ҉̆ ₮ԅ ⱳ ᴨ ѿ̔ҩ ԍ

Ἕ ῐ ᴨ ̆ Ḡ ᴰ Ҍ

’Ҋ̆ Ḥ ’ Ἕ ῐ ᴰ Ḡ Ȃᴏ ̆ Ҍ

Ḥ ’Ҋ̆ Ḡ Ἕ ῐ

Ȃ ѿҩ ԍ ⌠ ᴨ ᴨ ̆ Ҍ

Ἕ ᴰ Ҍ ᴰ Ḡ Ȃᴏ ̆

Ҍ Ḥ ’Ҋ ᴰ Ҍ ̆ ҍ Ḡ ̆

ᵞ ҹ 20.8˿Ȃ 
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Abstract 

Due to the rapid development of wireless communication, the enhancement of the 

wireless channel bandwidth, the advances of audio and video coding techniques, and the 

popularity of mobile devices, the demand for mobile multimedia applications, in which 

image, video, voice and data are mixed are increasing. However, mobile devices rely on 

limited energy supply by batteries and frequent recharging is not a pratical option. 

Therefore, in order to design efficeient wireless multimedia communication systems, 

studing how to obtain the best reconstructed quality of multimedia data under the power 

consumption constraint or minimize the total system power consumption for given the 

expected reconstructed quality of multimedia data at the receiver becomes very crucial.   

This thesis aims at optimal system resource allocation and studies joint power and 

rate-distortion optimization and distortion estimation in multimedia communication system 

over wireless channel. The reseach contents in this thesis are as follows. 

 We firstly analyze the effects of bit errors among video bitstream on the reconstructed 

video quality at the receiver, and propose an end-to-end distortion estimation method for 

video communication system over wireless channel based on considering the distortion 

caused by source quantization, channel errors, and error concealment. The method that can 

estimate the reconstructed video quanlity at the receiver recursively from one frame to 

another according to average bit error rates of channel and bitstream information extracted 

during coding process. Simulation results show that the averge relative estimation errors 

are less than 8% and the average absolute estimation errors are within 0.9 dB for most 

video sequences under the various bit error rates of wireless channel.  

 In order to provide effective transmission distortion estimation method for video 

communication system over wireless internet, we firstly study the modes of errors 

occurring in video compressed bitstream due to packe loss in wired networks and bit errors 

in wireless link. Then we add packet loss in wired networks to the distortion estimation 

only based on bit errors in wireless channel which has been studied  and present a 

transmission distortion estimation method for video delivery over hybrid channels with bit 

errors and packet erasures, in which general video packet scheme is integrated. Simulation 

results indicate that by using the proposed method the average relative estimation errors are 

less than 5% and the average absolute estimation errors are within 1 dB for most video 

squeneces under the constant channel conditions. On the other hand, as the delayed time of 

channel condition information feedbacked from receiver becomes larger, the estimation 

errors maintain very low under the varying channel conditions.  

In order to solve the joint power and rate-distortion optimization problems with lower 
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computational complexity, we firstly analyze the optimization problem of total system 

energy consumption for end-to-end image communication system over wireless channel. 

And the we propose a fast implementation algorithm for optimization, in which the 

relations among the system reconfigurable parameters, the optimization object and system 

constraints are fully utilized. The presented algorithm can reduce the search scope of 

optimal results and does not rely on the initial values. Simulation results reveal that the 

presented algorithm can provide effective optimal results and reduce computational 

operations by the ratio of 87.1% in average compared with the SQP method, which is one 

of most effective algorithms to solve nonlinear optimaiztion problem with constraints.   

To optimize the system resource allocation by using various sensitivities of multimedia 

sources to transmission errors, we study how to combime unequal error protection with 

unequal transmission power distribution for end-to-end image communication system over 

wireless channel. Then we propose two resource allocation system schemes based on jont 

power and rate-distortion optimization. Specially, we firstly present a resource allocation 

scheme based on the distortion minimization of the region of interest (ROI) in images, in 

which the transmission protection levels for ROI in images are adjusted in terms of varying 

channel conditions while maintaining the system energy consumption and total 

transmission rate constant. Simulation results demonstrate that our proposed ROI 

distortion-minimized resource allocation scheme can improve the reconstructed quality of 

ROI in images significantly compared with the equal error protection optimization scheme. 

On the other hand, we present an end-to-end system energy-minimized resource allocation 

scheme, in which transmission protection are adaptively assigned in terms of different 

sensitivities to transmission errors of various compressed bitstream. Simulation results 

show that applying our proposed scheme to code and transmit different images under the 

various channel conditions can save total system energy consumption by 20.8% in average 

compared with the equal error protection optimization scheme.   

 

Keywords: Video Transmission; Power Rate Distortion; Distortion Estimation; 

Optimization Algorithm; Unequal Error Pprotection;  Wireless 

Communication 
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1  绪 论 

1.1 研究的背景与意义 

ץ̆ Ἕȁ ȁ ᵣ ᴪ Ҭ

Ȃԑ ̂Internet̃ ̂Video on Demand V̆oD ȁ̃ ȁ ȁ

ᵣḤ ȁ֜ԑ ̂Internet Protocal Television, IPTV ȁ̃

ץ ҙⱵ ̂Integrated Services Digital Network ĬSDÑ

ᵣ ⌠ԅ Ȃ ױֲ ᵣ Ḥ

̆ ꜚ ᵣ Ḥ ҹֲױ῏ Ȃ 

╠̆ ꜚ ᵣ Ḥ ΐ ԅ ̔ ‰

̂ International Standard Orgnization, ISÕ Ḥ Ḥ ‰ №

̂International Telecommunication Union for Telecommunication Standardization Sector, 

ITU-T └̃ ԅMPEG-4 H.263 ᵞ ‰ ҹ̆

Ҋ ᵣ Ḥ ᶫԅ ̕WIFÎ Wireless Fidelitỹ[1-3]ȁ ̂Ultral 

Wideband̆UWB̃[4-6]ȁWiMAX̂Worldwide Interoperability for Microwave Access̃

[7-9]ȁ ף҈ ꜚ Ḥ̂Third Generation, 3G̃ 3ĜBeyond 3G̃

Ḥ ҹ ꜚ ᵣ Ḥ ᶫԅ ̕ ᵣ

῀ Ҍ ԍ ̆ҹ ᵣḤ ᶫԅ

Ḡ Ȃ ץ̆ Ἕȁ ҹҺ ꜚ ᵣ Ḥ ױֲ῀

̆ ҹ Ḥ Ҍ №Ȃ 

ѿ ̆ ȁ Ḥ ȁᴰ ץ ῀

̆ ᴰ ̂Wireless Sensor Networks, WSNs̃[10-14] ⌠ԅ ῏

ȂWSNs ᴰ ̆ ֓ ΐ ᵞ

ⱳ ᵞ ̆ ץױ Ḥ ̆

Ҭ ῏Ḥ ᴰ [15][16]ȂWSNs ΐ ̆

ԍ´Ԋᶶ ȁ ȁ ȁ ȁ ҙ ֜ ץ ҙ

[17-20]Ȃ ᴰ ᴆ ̆ҹԅ ױֲ ᶫ Ἕȁ

Ḥ ̆Ḇᶏ ᵣᴰ ̂Wireless Multimedia Sensor 

Networks, WMSNs̃[21-25] ₮ ȂWMSNs ҉ ᵣᴰ
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Ἕȁ ᵣḤ ̆ ᴰ Ҭ ̆

Ȃ 

̆ ꜚ Ҋ ᵣ Ḥ ῒ Ἕ Ḥ ҳ

[26-28]̆Һ ̔ 

1ȁ ⱷ ᴰ  

ᴰ Ҭ̆ᴪ ⌠ Ҍ ̆ ȁ ȁ

̆ ȁ ̆ ᴰ Ḥ ̆Ῥⱴ

҉Ḥ ᴰ ȁḤ ץ ꜚ ̆ Ḥ

̆ ғΐ Ȃ Ἕ Ḥ ᴰ ҹ ̆

Ḥ ᴪ Ἕ Ȃ 

2ȁ Ḥ ᴰ  

Ḥ Ҍ ̆ ꜚ Ḥ ᴰ ╠ץ

ԅ ̆ᵖ ԍ ᵣ ̆ ῒ Ἕ ̆ ꜚ

Ḥ ׅ №Ҍ Ȃ ̆ ԍ ꜚ ℗ ̆ Ḥ ᴰ

ᴪ₮ ꜚ̆ ԍ ̆Ḥ ᴰ ꜚ

ᴪ Ȃ 

3ȁ ꜚ  

ᵣ Ḥ ᴰ ᵣḤ ̆

Ḥ ꜚ ᴰ Һ ᶫ Ȃ ԍ

ᵣ ̆ ₃ ץֽ 2˿ [29]Ȃҹԅ Ḥ

̆ ᾟ ̆ᵖ Ҭ ᾟ Ҍ Ȃ

ᶛ ̆ ᴰ ֲ ץ ̆ ץ ᾟ Ȃ 

ᵥ Ҋ̆ └ ᴨ Ḥ ҹ ᵣ

Ḥ ῏ [30]Ȃΐᵣ ̆ ᵥ ꜚ Ҋ̆ᶏ

ᴰ ᵣ ̆ ѿҩ ץ Һ Ҋ̆

ᶏ ᴰ ץ̆ ̆ ꜚ

ᵣ Ḥ ҳ ῏ Ȃ 

Shannon ₮ ῖ ̂Rate-Distortion, R-D̃ [31][32 ]ҹ ԅ

̆ ₃ ̆R-D ᵣḤ Ҭ ⌠

̆ҹ ᵣ Ḥ ᴨ ᶫԅ Ȃ ̆ᴰ R-D
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ֽ ӊ ῏ ̔ ╠ Ҋ̆ ̕

̆ᶏ ̆ ⱳ

Ȃ ץ ᾢ Ἕ ₮ ̆

̆ ꜚ ⱬ ⱳ ҉ └

[26-28][30]Ȃ ’Ҋ̆ҹԅᴨ ̆ ױ ⱳ ȁᴰ

ӊ ῤ ̆ ҈ ᴨ ̆ ҹ ⱳ

̂Power and Rate-Distortion, P-R-D̃ᴨ Ȃ 

ꜚ Ḥ Ҭ ᵀ ҍ ⱳ ᴨ

̆ ̔ ₮ ꜚ ᵣ Ḥ ⱳ ᴨ ̆ ץ

ᵣ Ḥ ᴨ ҍ № Ȃ ⱳ № ᴨ

ΐ № ӈȂ 

    1ȁҹ ꜚ ᵣ Ḥ № ᶫ  

ץ     ̆ ꜚ Ḥ ᴨ Һ Ҭԍ № ȁ ⱴ ҍ

Ⱶ ̂Quality of Service, QoS̃ [29]̆ᵖ ᵣҙⱵ ῀̆ ꜚ

ⱳ ҹ Ḥ ᴨ Һ Ȃ ⱳ ᴨ ᴰ

ᴨ ҉̆ ⱳ ̆ ꜚ ᵣ Ḥ ῤ

̆ ᴨ ׆̆ ꜚ ꜚ ᵣ Ḥ ᴨ

֟ Ȃ 

2ȁ ꜚ ᵣ Ḥ  

ᴇ Ḥ ᴨⱷ Һ ̆ Ḥ

ң Ȃ Ḥ ᴰ Ḥ ̆

↕ Ḥ ᴰ Ḥ ̆ Ҭң ̔ ⱴ ̆

ᴪ ᵞ ̆ ӊ֞ Ȃ ꜚ ᵣ Ḥ Ҭ̆ ꜚ ⱳ ҍ

Ḥ ῏̆ ’Ҋ̆ ҉ ҹ Һ ̆

̆ ꜚ ᵣ Ḥ ῏ ̆ ԅ

̆ Ȃ ̆ ⱳ ᴨ

ꜛԍ ꜚ ꜚ ᵣ Ḥ Ȃ 

3ȁҹ ꜚ ᵣ ᶫ  

ꜚ ᵣ Ḥ ⱳ ꜚ ᴨ

̂ Ḥ ȁḤ ⱳ ̃ ̆ ֓
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ҍ ᵣ Ҭ ℗῏ ̆ ̆ ⱳ

ᴨ ᵣ ̆ҹ ꜚ ᵣ ᶫ

Ȃ 

1.2 联合功率率失真理论 

ⱳ ᴰ ҉̆ ῀ ꜚ ⱳ

̆ ᴰ ȁ ⱳ ҈ ӊ ῤ ̆

ᴆҊ̆ ҈ ꜚ ᴨȂ 

1.2.1 率失真分析与优化 

 1948 ̆ ῾ ΐז ľ ḤҬ Ŀ[31]Ҭ̆ ԅ

Ḥ ̆ ₮ԅḤ ̆ ӈԅḤ ̆ ԅḤ

Ȃ1959 ̆ ῾ ľḠ ‰↕Ҋ Ḥ Ŀ[32]̆

ѿ ӈԅḤ ₱ )(DR ̂ ₱ ̃̆ ᴆҊ̆

Ḥ Ḥ ᴰ ⌠Ḥ Ḥ ̆ ₮ Ḥ ̆ ῾

Ȃ ῾ R-D Ҍֽ Ḥ ΐ ӈ̆ Ӟҹ

ᶫԅ Ȃᵖ ̆ ῾ ῖ R-D ֽ ₮ԅ R-D

̆ Ҭ ᵥ ץ ⌠ Ȃ 

Ҭ̆ץ Ἕ ҹҺ ᵣḤ № ҹ ̆ ץ ῒ

̆ ѿ ̆ Ἕ

̆ ῖ R-D ץ Ҭ ⌠ ȂԊ ҉̆ R-D ԅ

̔ Ἕ R-D№ ̆ᵀ R-D

Ȃѿ ̆ Ḥ R-D№ ҍ Һ ң ̔ 

ѿ [33-36]̆ R-D ₱

Ȃ R-D ᴨ ԍ ᵬ ̆ᵖ ԍ

῀Ḥ Ḥ ̆ R-D

ץ ⌠ ѿ ’Ȃ ԋ ↕ [37-41]Ȃ ԍᴰ R-D

̆ Ḥ ̆ ≠ ᴰ R-D R-D Ȃɒ  ̆ Berger

ֲ[41]ҹ ₮ԅѿҩ R-D Ȃѿ

̆ Ḡ ‰↕Ҋ̆‰ R-D ֽ ԍ₃ Ḥ [42]Ȃ

ԍ № ’ ̆ ѿҩ ₮ R-D ₱ ҉ Ҋ ҹ
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ᾟ№ Ṝ R-D
[43]Ȃ ҉ ң Ҭ̆

ԍ ̆ ↕ ԍ ᴨ Ȃ

̆ ԍ ԍ ̆ ᴪ

ΐ Ȃ 

R-D№ ҍ ԍᴨ R-D ȂR-Dᴨ ῏

ᵥ ̆ᶏ Ἕ R-D ᴨȂΐᵣ ̆

Ҋ̆ Ἕ ̆ Ἕ

Ҋ̆ ₮ Ȃ ̆ Ἕ Ҭ R-D ᴨ Һ

̔ ԍ R-Dᴨ [44]̆ ԍ R-Dᴨ └[45]̆

ԍ R-D ᴨ № ץ[46] ԍ R-Dᴨ ꜚᵀ [47]ȂԊ ҉̆

ԍ Ἕ ̂ ȁ ȁ

ꜚᵀ Ҭ / ȁ ꜚ ȁ № ̃̆

ץ ᴨ ̂ҩ≢ᴨ ᴨ ̃ ᴪ [48]Ȃ 

ᵣ Ḥ ̆R-D ᴨ Ӟ ҬԍḤ ̆ ⌠

Ḥ Ḥ Ḥ ̂Joint Source Channel Coding, JSCC̃[49-51]ȂJSCC Һ

Ḥ Ҋ̆ᴨ Ḥ Ḥ № ץ̆ ⌠

Ȃ ̆Ӟ ᵬ R-D ᴨ ⌠ Ḥ ȁḤ └ᴨ

Ҭ[52][53]Ȃ 

1.2.2 联合功率率失真分析 

ꜚ ’Ҋ̆ҹԅᴨ ꜚ ᵣ Ḥ ̆

ⱳ ῀⌠ᴰ № ҍ Ҭ̆ ⱳ ȁᴰ

ῤ ̆ P-R-D№ ̆ҹ P-R-D ᴨ Ȃ 

╠ ꜚ ᵣ Ḥ Ҭ̆Һ ȁ Ữ ȁI/O ȁ

№ Ȃ ꜚ Ҭ̆Ḥ ᴰ ң №

ᵬ ԅ №ⱳ ȂḤ ⱳ Һ ԍḤ Ḥ Ȃ

̆ Ḥ ᶏ Ḥ № Ḥ ̆

Ḥץ Ḥ Ȃ ᴰ ⱳ ↕Һ ԍ

ȁ ץ ᶶ ᵬȂ 1. 1 ᴰ ҍ

ӊ ῏ [29]Ȃ׆ 1. 1 ₮̆ ᴰ ̆Ḥ ᵞ̆

ӊ ᵞ̆ Ḥ ̆ Ḥ
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⁞ ̕ ѿ ̆ ԍᴰ ⱴ̆ ᵝ ῤ ᴰ

Ḥ ̆ ᴰ Ȃ 1.1 ̆ Ḥ

Ḥ ᴰ ӊ ҬȂ 

Ḥ

ⱳ

ᴰ

 

1.1  ⱳ ҍᴰ ӊ ῏ [29]
 

 

1. 2 ₮ԅ Ḥ ⱳ ȁ ӊ ῏ [54]ȂῒҬ̆ 1. 2

Ҭ ( 1) ῖ Ḥ ῏ Ḥ̆ ᵞ Ḥ̆ Ȃ

1. 2Ҭ (2)↕ ⱳ Ҋ ῏ ̆ҍ ⱳ

῏ ̆ⱳ Ҋ Ҍֽ Ḥ ̆ ԅ ԍⱳ

Ȃ 1. 2Ҭ ( 3) Ḥ ⱳ ᴆҊ

῏ ̆ ’Ҋ ̂ ⌠ ̃ Ḥ ȁḤ ᴰ ץ ⱳ

Ȃ 1. 2 ̆ ꜚ ᵣ Ḥ Ҭ̆ ᵣ

Һ Ḥ ȁḤ ᴰ ץ ⱳ └Ȃ 

Ḥ  (R)

̂1̃

̂
D
̃

̂2̃

̂3̃
(1)Ḥ

(3) ᴰ ⱳ Ҋ

(2) ⱳ Ҋ

 

1.2  ⱳ ᴰ ῏ [54]
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1. 1 1. 2 ῏ ₮̆ⱳ ȁ ҈ ӊ

ԑᶭ └῏ ̆ ץ ₮҈ ῏ ѿ [54]Ȃѿ ̆ ꜚ

ᵣ ḤҬ̆ ᴨ ᵣ ҍ ⱳ ԑ Ȃ׆

ᵣ ̆ ᵣ ⱳ Ȃ׆

̆ ᶏ ⱳ ҹ Ȃ 

1.2.3 联合功率率失真优化 

ᵣ Ḥ ⱳ № ҍ Һ ԍ

ᴨ └Ȃҹԅᶏ ⌠ ᴰ Rȁ D ᵣⱳ P҈

ӊ ⌠ꜚ ᴨ̆ ╠ ’̆

],,,[ 21 nS ggg ÖÖÖ= Ȃ ̆ ᵥ ҹ P-R-Dᴨ ῏

Ȃΐᵣ ̆ Ḥ ᴰ ҍ ⱳ Ҋ̆ ᵥ ᴨ

̆ᶏ ̆ ̔ 

})(;)(|)(min{arg 00 PSPRSRSDS ¢¢=  (1.1) 

ῒҬ̆ 0R ᶫ ᴰ ̆ 0P ↕ ⱳ Ȃ 

̆ Ḥ ᴰ Ҋ̆ ᵥ ᴨ

̆ᶏ ⌠ ⱳ ̆  

})(;)(|)(min{arg 00 DSDRSRSPS ¢¢=  (1.2) 

ῒҬ̆ 0D Ȃ 

̂1. 1̃ ̂1. 2̃ ҹ ᴨ ̆ ‗

ᴨ ̆ ⱴ̆ ץ [55]ȁ

̇ ץ[56] ↓ԋ ⅞ [57] Ȃ 

1.3 联合功率率失真相关研究现状 

  20ҕ 90 ף ̆ ᵣ Ḥ ⱳ ᴨ

ԅ ῏ ̆ ᾟ№ ᴰ № ҍᴨ ҉̆ Ḥ ᵞ

ⱳ ҍᴨ ̆ ⱳ ῏ ᵬ №

ҍ׃ Ȃ 
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1.3.1 联合功率率失真优化研究 

ꜚ ᵣ ḤҬ̆ ⱳ ᴨ ҹԅ

ᴨ └[29][54][58-72]Ȃ ̆Ḡ ᵣ

ᴰ ҍ ᵞⱳ ̂ ⱳ ᴰ ⱳ ̃ ԑ Ȃ ̆

ⱳ ᴨ ң Һ ̔ 

ѿ Ḥ ᴰ Ҋ̆Ḡ ѿҩ ᵣ ̆ᶏ

ꜚ ᵣⱳ Ȃῒף ᵬ ̔ 

Lan Tes-hua ֲ[29] ᵣ Ḥ ҬḤ ȁ └ ץ

ᴰ ⱳ ̆ Ḡ Ҍ ᴆҊ̆ Ҍ Ḥ ’Ҋᶏ

ꜚ ᵣⱳ ҍᴰ ̆ ҉ ₮ѿҩ҉ Ḥ

≠ ᵣ Ḥ ץ̆ ѿҩᵞ ᴰ ̆ᵖ ᵬ

Ḥ Ȃ 

Zhang Qian ֲ[54] ᵣ Ҭ ȁ ⱳ ӊ ῏ ̆ №

֓῏ ҉̆ Ḥ ⱳ ̂Ḥ ҍḤ ⱳ ̃ ⱳ ̆

₮ѿҩᶏ ᴰ ⱳ № Ȃ Ḥ ’

̆№≢ ҩ ῤ CDMA ⱳ

Ҋ̆ Ḥ Ḥ № Ȃ 

Lu Xiaoôan ֲ[59] Ḥ ҬḤ ȁḤ ץ ᴰ ӊ

ⱳ Ҭ̆ Ḡ Ⱶ ’Ҋ̆ ₮ѿҩᶏ ⱳ

Ȃ №≢ ң Ҋ ̔ѿ ԍ Ḥ Ḥ ̂ ̇

Ḥ AWGNḤ ̃ Ḥ ̆ ѿ ԍ H.263

Ḥ ̆ ᵬ H.263 Ȃ 

Appadwedula ֲ[61]↕ҹ ῤ Ἕᴰ ᶫѿҩ ᴨ ̆

Ἕ ץ Ḥ Ḥ ᴰ ̆ Ḥ

ȁRS Όᵩȁⱳ ᴰ ⱳ ץ ᾥ №

̆ Ḡ ⌠ ╠ Ҋ̆ᴨ ̂ Ḥ ȁᴰ

ץ ᾥ Ȃ̃ 

ԋ Ḥ ᴰ ⱳ Ҋ̆ᶏ ᵣ

Ȃῒף ᵬ ̔ 

Wu Dapeng ֲ[62] Ḥ Ҭ Ҋ ᴨ
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̆ Ḥ ȁ Ҋ̆ ⌠ ̆ᵖ

ᵬ ⱴ῀Ḥ ᴨ Ȃ 

Zhai Fan ֲ[72] ᴰ ᵬҹ ᴆ̆ ⌠

Ḥ /Ḥ ץ № ̆ᵖ ᵬ

ῃ ̆ ҩ ᴨ № Ȃ 

̆ ԍ Ҭ ᴰ ᾧ̆ҹԅḠ Ḥ ̆

ᵣ Ḥ Ҭⱳ Ҋ └ ҹѿҩ Ȃ № ᵬ

[73-75] ԅ ꜚ Ҋ └̔ 

[73] ῖ ꜚ ᴰ ̂Automatic Repeat Request̆ARQ̃ Ҭ

Ḥ ̆ ԅҌ ̆ ԅ ⱳ

ᴰ ̆ ₮ѿ ѿ ῤᴰ

̆ ₮ѿҩ └ Ȃ [74] ԅ╠ ̂Forward 

Error Correction̆FEC̃ ARQң Ҍ └ ̆ ῒ ᴆ

ԅ ̆ ₮ѿҩ ԍ‗

Ȃ [75] 3GPP2 Ҭ ᵣ ⱵҬ └̆

№ ꜚ RS ̆ ₮ ARM7 ῀ RS

̆ Ḥ ’ ץ ̆ᵖ ᵬ ҉

ᵣḤ Ȃ҉ ᵬ[73-75] ꜚ

Ҋ └ ֽ ԍḤ └ №̆ ᵣḤ

ᴰ ѿ ᴨ Ȃ 

1.3.2 联合功率率失真中的失真估算研究 

ꜚ ᵣ Ḥ Ҭ̆ ᵀ P-R-D

R-D ᴨ ̆ ᵀ ‰ ῏ ̆ ̆

₮‰ ΐ ᵀ ҹ Ȃ 

╠̆ ᴰ ⌠ ̂ Ḥ ̃ № ҍᵀ ᵬ[36][76-84]

ᵣ №ץ ң ̔ 

ѿ ԍ ̆ῒף ᵬ ̔ 

Zhang Rui ֲ[76] ₮ԅ ԍἝ ᵀ ̆ Ḥ ȁ

Ḥ ̆ ᵀ ᵣ Ȃ ≠
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̆ № ₮ ҡ ’№≢ ῤ

⌠ Ȃ ԍ ̆ ╠

ᵀ Ҍ ῒ ԍ ╠ ֟ ᵀ Ȃ ̆

̆ ғֽ ꜚᵀ ҹ Ἕ ȂYang Hua

ֲ[77] ᵬ [76]Ҭ ԍ Ἕ ꜚ ễ ᶏ̆ῒ ԍ ꜚ

ễ ҹ Ἕ Ȃ 

ԋ ԍ Ȃῒף ᵬ ̔ 

Stuhlm¿ller ֲ[36]
 № ↓Ҭ ᴰ ҉̆ ₮ԅѿҩ

╠ Ḥ Ȃ ῤ┘ ȁ

ȁ ̆ ᵌԍ

ῒ Ȃᵖ ̆ Ẋ ҍ ῏ ̆ Ẋ ֽ

ԍ ᵞ ̆ ғ̆ Ԋᾢ ᴆ

ᵀ ̆ ץ ԍ Ȃ 

He Zhihai ֲ[78]
 № Ḥ ᴰ ȁḤ ץ ҉ ₮

ѿҩᵀ Ḥ Ȃ ᴰ ץ

Ҭ ң ῤ ≢̆ ԅ ҍᴰ Ḥ ̆

ᵀ Ȃᵖ ̆ ₮ ’ Ҥ ̆

ꜚ ҡ ץ №₮ ₮ ̆ ԍҡ

Ҥ Ȃ ̆He Zhihai ֲ Ṣ └ ̆ ᴰ ᵬҹ‖₯

̆ ₮ѿҩḤ ᴰ [79]̆ ᴰ ҍ

̆ᴰ ᵬҹ ῀̆ Ḥ ᴰ ᵬҹ ₮Ȃ 

Yao Wang ֲ[80]
 № ԅᴰ Ҭ ҡ

҉̆ H.264 ‰Ҭ ῤ ̂ Intrapredictioñ

̂Deblocking̃ ₮ѿҩ ԍ Ḥ Ȃ ꜚ

ễҬ Ἕ ꜚ ץ ̆≠ ̆

ᵀ ╠ ⌠ Ḥ Ȃ 

Sabir ֲ[81]
 ₮ DPCM ̆

№ ̆ ᵀ JPEG Ἕᴰ Ҭ Ḥ ҍḤ

̆ ̆ ⌠ MPEG-4 ᴰ Ҭ[82]̆ ₮ѿҩ ԍ

MPEG-4 Ḥ Ḥ ᵀ Ȃ ԅ ꜚᵀ ȁ
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̆ ԅ MPEG-4 Ȃ Ẋ №

Ḥ ̆ Ҍ ᴰ ’Ȃ 

1.3.3 存在的问题 

҉ ̆ ⱳ ᴨ ῒ ᵀ ԅ ῏ ̆

ԅѿ֓ ̆ᵖ ֓ ᵬҬ Ҍ ӊ ̆

Ȃ 

1ȁ ԍ ᵣḤ ⱳ ᴨ  

ꜚ ᵣ ḤҬ ⱳ ᴨ ᴨ

̆ᵖ ᵬ ᵣḤ ᴰ Ҍ

̆ ᵣ Ҍ Ḡ Ȃᾢ╠

ᵬ[85-89] ̆ ᵣ ᴰ Ḥ Ҍ Ḡ

ⱳ Ҍ № ̆ Ḥ ᴰ ⱳ ᴆҊ̆

Ḡ ᴨ ̆ ῀Ҍ Ḡ ׆ ҉ ᴨ

Ȃ 

2ȁ ԍ ꜚ ⱳ ᴨ  

ꜚ ᵣ Ḥ ⱳ ᴨ ҹ ‗

ᴆ ⅞ ̆ ‗ ῖ ΐ ̆ ץ

ꜚ Ҭ ȂῬ ̆ ֓ ∆ṿ ᴨ ̆

Ҍ Ḡ ῃ ᴨ Ȃ 

3ȁ‰ ΐ ᵣ ҍᵀ  

ꜚ ᵣ Ḥ Ҭ̆ ‰ ᵀ

῏ Ȃ ᴰ ⌠ ̂ Ḥ ̃ᵀ ᵬҺ

№ ҡ ⌠ ̂ Ḥ ̃ ̆ ץ ῀ ҉

̆ №◓ȁ [90] ῒז ԍ Ҍ Ḡ [91] Ȃ

ᵬ ԅ ̆ᵖ ױז ῤ

Ԋᾢ ̆ ץ ᴪ Ԋᾢ ᴰ

ῤ ץ Ҭ Ȃ 

ѿ ̆ ԑ Ḥ Ҭ̆

Ҭᴰ ̆ ̆ᴰ ȁ
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№ ҡ ̆ Ҭ ԍ ȁ

̆ӂ № ҡ Ȃ № ҡ

⌠ ̂ Ḥ ̃ᵀ ᵬ ̆ ᵬӞֽֽ

№ ҡ ̆ ῀ №

Ȃ 

҉ ҈ҩ ԍ ꜚ ᵣ ḤҬ ⱳ ᴨ ҈ҩ ̆

ҍױ ⱳ ᴨ ῏ 1. 3 Ȃ ᵣ ᵀ

ⱳ ᴨ ̆ ӎ‰ ᵀ ̆ Ḡץ

ᴨ ‰ ̕ ᴨ ԍ ᵥ ᴨ

̆ ⱳ ᴨ ΐᵣῤ ̆ ῏ ⌠

ᴨ ̕ᴨ ⱳ ᴨ ̆ῒ

ᴪ ᴨ Ȃ ‗҉ ҈ҩ

ԍ ꜚ ᵣ Ḥ ᴨ ̆ Ӟ ᵬ

Ȃ ‗҉ ҈ҩ Ҭ ̆ҹ ꜚ ᵣ Ḥ

ᴨ ᶫ Ȃ 

ⱳ ᴨ

ᵀᴨ

ΐᵣῤ

ᴨ

 

1.3  ӊ ῏  

1.4 本文的贡献和结构安排 

҉ѿ Ҭ ₮ ꜚ ᵣ ḤҬ ⱳ ᴨ ҈ҩ

̆ ᵬ ⌠ԅ ľ ꜚ Ҋ

№ ⱳ ̂60572063 Ŀ̃ ľ ӈ

ḤҬ ̂20040487009 Ŀ̃ ῍ ꜛ ȂץҊ ᵬ

Һ ץ Ȃ 

1.4.1 本文的主要贡献 

Һ Ҋ̔ 
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1ȁ ₮ ԍ ⌠ ᵀ Ȃ

Ḥ ⌠ ᵀ Һ ԍ № ҡ

̆ ץ ῀ ҉ ̆ ̆ᵖ

̆ ץ Ԋᾢ ᴰ ῤ ץ Ҭ

̆ ץ ҹ ᵝ̆ ̆ Ҭ ᶫ

Ḥ ᵀ Ȃᴏ ̆ Ҍ Ḥ Ҋ̆

№ ↓ᵀ Ẓ ԍ 8˿̆ Ẓ └ 0.9 dB

 ῤȂץ

2ȁ ₮ ԍ Ḥ ᴰ ᵀ Ȃ ԍ ԑ ԍ

Ḥ ᴰ ̆ ᵀ Ӟֽֽ № ҡ ̆

῀ № Ȃ

⌠ ᵀ ҉̆ Ḥ ̆ ₮ ԍ

№ ҡ ᴰ ᵀ ̆ᴏ ̆

Ḥ ’ ᴆҊ̆ № ↓ᵀ ԍ 5˿̆

└ 1dB ῤ̕ץ Ḥ ’ ᴆҊ̆ Ḥ ׅ Ḡ

ᵞ ᵀ Ȃ 

3ȁ ₮ Ἕ Ḥ ⱳ ᴨ Ȃ ⱳ

ᴨ ҹ ‗ ⅞ ̆ ╠ ‗

ᴨ ̆ף ̆ ץ

ꜚ Ḥ Ҭ ̆ ₮ѿ Ȃ ᾟ№≠

ȁᴨ ץ ῤ ῏ ̆ ᵞ ᴨ

̆ ԍ ꜚ ᵣ Ḥ Ȃ ̆ Ҍᶭ ԍ∆ṿ ̆

ῃ ᴨ Ȃᴏ ̔ ҍ ‗ ᴨ

ӊѿ ↓ԋ ⅞ ̆ Ḡ ╠ Ҋ̆ ⁞ 87.1˿

ᵬȂ 

4ȁ ₮ Ἕ Ḥ ⱳ ᴨ Ȃ ╠ ⱳ

ᴨ ᵬ ᵣ Ḥ ̆ ץ ̆

ᾟ№≠ ᵣḤ ̆ Ḥ Ҍ Ḡ ⱳ Ҍ

№ ̆ ₮ԅңҩ ᴨ ̔ѿҩ ԍ Ἕ ῐ

ᴨ ̆ Ḡ ᴰ Ҍ ’Ҋ̆ Ḥ
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’ Ἕ ῐ ᴰ Ḡ Ȃᴏ ̆ Ҍ Ḥ

’Ҋ̆ Ḡ Ἕ ῐ

Ȃ ѿҩ ԍ ⌠ ᴨ ᴨ ̆ Ҍ Ἕ

ᴰ Ҍ ᴰ Ḡ Ȃᴏ ̆ Ҍ

Ḥ ’Ҋ ᴰ Ҍ ̆ ҍ Ḡ ̆

ᵞ ҹ 20.8˿Ȃ 

1.4.2 论文的结构安排 

№ Ҋ̔ 

2 ԍ ᴰ ⌠ ᵀ Ȃ ᾢ׃ ԅ ᴰ

Ҭ ץ ̆

№ № Ȃ ץ ҹ ᵝ ᴰ

Ḥ Ḥ № ̆ ҉ ԅ ᵀ ̆

₮ ᵀ ԅ Ȃ 

3 Ḥ Ҋ ᴰ ᵀ Ȃ ᾢ ₮ԅ ԍ Ḥ ᴰ

̆ ῒҬ ȁ № ȁ ȁ № ץ

Ḥ ԅ№ Ȃ № Ḥ Ҭ№ ҡ ῤ

̆ ҉ ῤ

Ḥ №≢ ᵀ ̆ ᵀ № Ȃ

Ḥ ᴰ ᵀ Ḥ Ḥ ң ’Ҋ ԅ

Ȃ 

4 Ἕ Ḥ Ҭ ⱳ Ȃ ᾢ ԅ

Ἕ Ḥ ̆ ԅᴰ Ҋ ⌠

ᴨ Ȃ № ԅ Ҋ Ἕ ῏ Ȃ ̆ №

ᴨ ҉̆ ԅ ȁᴨ ץ ӊ

ῤ ̆ ₮ԅᵞ ⱳ ᴨ Ȃ ̆ ҍ ‗

ᴨ ῖ ̆ ₮

ᵞ Ȃ 

5 Ἕ Ḥ Ҭ ⱳ ᴨ Ȃ ᾢ ₮ ԍ

Ҍ Ḥ Ḡ Ҍ ⱳ № ⌠ Ἕ Ḥ Ȃ №

ԅ ⌠ ץ Ἕ Ȃӊ ̆ ₮ԅ ԍ Ἕ ῐ

ᴨ ץ ԍ ⌠ № Ȃ
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№≢ ҉ ңҩ ᴨ № ̆ ԅ Ȃ 

6 ᵬ ̆ Ҭ ̆ ׂ

ᵬ ԅ Ȃ 
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2  基于视频码流的端到端失真度估算 

2.1 引言 

Ḥ Ҭ̆ ᴨ ⱳ ᴨ
[54][58] Һ ԍ ̆ ̆ᶏ ᴰ

ȁ ⱳ ӊ ⌠ꜚ ᴨȂ ԍ ᴰ

̆ ᾢ ᴰ ȁ ץ ⱳ №≢

№ ̆ῒ‰ ᴨ ΐ Ȃ ԍ

̆ ȁ ȁḤ ᴰ

̆ ̆ ᵥ ‰ ᵀ

ᶭ [78]Ȃ 

ᾢ№ ԅ Ҭ ץ̆ ̆

₮ѿ ԍ ⌠ ᵀ ̆ Ҍ

↓ Ҍ Ḥ ’Ҋ ᵀ Ȃ 

2.2 相关研究工作 

̆ ᴰ ⌠ Һ Ḥ ץ Ḥ ᴰ
[78][36]ȂZhang Rui ֲ[76] ₮ԅ ԍἝ ᵀ ̆

Ḥ Ḥ ̆ ̆ Ἕ

ᵀ ̆ᵖ ̆ ғֽ ꜚᵀ

ҹ Ἕ ȂYang Hua ֲ[77] ᵬ ԍ Ἕ ꜚ ễ

ᵀ ᶏ̆ῒ ԍ ꜚ ễ ҹ Ἕ ȂSabir ֲ[81]
 

₮ № ̂Differential Pulse Code Modulation  ̆ DPCM̃

̆ № ̆ ᵀ JPEG Ἕᴰ Ҭ

Ḥ ҍḤ ̆ ̆ ⌠ MPEG-4 ᴰ

Ҭ[82]Ȃ 

̆ ҉ ᵬҬ Ҋץ ̔ 

̂1̃ № ᵬ[76][77]
 ֽ № ҡ ⌠ ױז̆

ᵬҬ ץ ῀ ҉ ̂Error Resiliencẽ ̆ №◓ȁ
[9] ῒז ԍ Ҍ Ḡ [10] Ȃ ԍ ᴰ ̆ №
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Ӟ Ҍ Ȃ 

̂2̃ № ᵬ[81][82] ԅ Ἕ ̆p

₮ ῤ Ԋᾢ ̆ ץ

ᴪ Ԋᾢ ᴰ ῤ ץ Ҭ Ȃ 

ᵬ ׆̆ ῀№

̆ ̆ᾥ ᵀ ץ̆

ᾧ ῤ Ȃ 

2.3 基于比特错误的视频传输端到端失真度分析与估算 

2.3.1 比特错误引起的视频失真 

Ḥ Ҭ̆ ԍᴰ Ḥ ⌠Ḥ ȁ

̆ ᴪ₮ ҡ ᾝ Ȃ ̆ ԍ

҉ ԅ Ḥ ̆ ԍḤ ⱴ ̆

ᶏ ᵞ Ӟᴪᶏ Ҋ Ȃ 

ᴰ ₮ ᵝ ⅞№̆ ҹң№ץ ̔

̂Erasure Errors̃[92]Ȃ Һ ԍ№ ֜ Ҭ ȁ

ȁ Ữ ᵣ Ȃ ↕Һ

ԍᴰ Ḥ Ҍ Ḥ Ȃ ̆

̂Variable Length Coding, VLC̃̆ ᴪᶏ

̆ ᶏ ̆

⌠ ⌠Ҋѿҩ Ḥ ҹ Ȃ ╠ ᵬҹ

̆ ᴪ Ȃ 2.1 ҡ

Ҋ ’̆ῒҬ 2.1 ̂ã ̂b̃№≢ foreman ↓ stefan ↓

Ȃ 

  

( a )  foreman ( b )  stefan 
2.1  Ḥ ҡ  
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2.3.2 视频码流的差错检测 

̆ ᴰ ̆ҹԅ ᾧ

▲Ҋ ̆ Ҭ ‰ ̆

Ȃ Ҭ ₮ Ҍ ₮ ̆

Ҍ ₮ Ȃ ԍ VLC ̆

ᴪᶭ Ȃ Ҭ̆ ѿ

Ҍ Ӎ ↕̆ ₮ Ҭ ₮ ᵝ Ȃ ѿ ̆

₮ Ҍ Ḥ ̆ DC ₮ ҩ ₮ԅ

̆ ’Ӟ Ҭ Ȃ҉ Һ

ΐ ↕ Ḥ ӈ[90][93][94] ̆ ᵬ

̆ᵖ ῒ Ҍ ѿ֓ ’̆ᶛ ̆ Ҭ

ᵝ ̆ ₮ ῤ̆

ᴪ₮ Ȃ ̆ Ἕ ̆ᶛ

Ἕ ΐ [95][96]̆ᵖ ֽ ԍѿ֓

ἝȂ ѿ Ҭⱴ῀Όᵩ Ḥ ̆ Ҭ

֓ ҍ [97][98]̆ ҉ ≠

↕ ̆ ⱴԅ ̆ Ȃ 

Ҍ Ҭ ̆

Ẋ ᴰ ‰ ₮ [92]̆ ᴰ

№ ᵀ Ӟ Ẋ ᴰ ‰ ₮ Ȃ 

2.3.3 视频分组结构及解码器差错处理方案 

҉ ꜚ Ḥ MPEG-4 ‰[99]ᵬҹ ‰̆

Ḥ Ҭץ MPEG-4 ᵬҹḤ ȂMPEG-4

̂Simple Profile, SP̃Ҭ ῤ̂Intrã ̂Inter̃ ң

̂Video Object Plane, VOP̃̆ №≢ I-VOP P-VOP Ȃ ҩ

Ἕ ̂Group of  Picture, GOP̃ ѿҩ I-VOPҍ ҩ P-VOP ̆ ҩ GOP

I-VOP P̆-VOP ῒ ȂI-VOP ῤ Intra ̆ P-VOP

Inter ̆Ӟ Intra ̆ҹԅ Ḃ̆ Ẋ

P-VOPҬֽ Inter Ȃ ̆ MPEG-4 Ҭ̆ ҩ 6ҩ 8
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¦8 ̆ῒҬ 4ҩ֦ 2ҩ Ȃ 

ҹԅ ₮ Ḥ ᵀ ̆ 2.2 №

Ȃ ̆ ₮ ץ ⌠ № ̆

֜ №◓[90] Ȃ 

 

1 2 ...
Ḥ

n N

 

(a)  №  

. . .

Ḥ AC

ᵝ

. . .

№◓DC

 

(b)  Intra  

. . .

Ḥ

ᵝ

. . .

№◓ꜚ

 

(c)  Inter  

2.2  №  

 

№ 2.2(a) ̆ Ḥ ȁ

̆ ῀№◓ ̆ Ẋ Ḥ ץ №◓ Ḡ ̆

ᴰ Ȃ ῀№◓ ̆ ӊ ̆ ╠

Ҍᴪ ⌠Ҋѿ Ȃ ῤ 2.2(b) ̆ ԍ Intra

̆ Ḥ № Ḥ ҍ DC ̆№◓ Ḥ

№ҍ AC № № ̆ Ḥ № ѿҩ ̆↕

ῃ Ḥ ҡ ̆ ̕ Ḥ № ̆ AC

̆↕ № AC ԍ ҹ
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̆ AC ҡ ῒ Ȃ ԍ Inter

̆ Ḥ ꜚ ̆ №ҍ ӊ ῀ ꜚ №◓ ̆

Ḥ ̆↕ ꜚ ҡ ̆ ╠ѿ ᵝ Ḥ

ף ̕ ꜚ ̆ № ̆ ҹ ̆↕ ╠ѿ

Ḥ ף Ȃ 

2.3.4 端到端失真度分析与估算 

Ҋץ ̂Mean Squared Error, MSẼ Ȃҹ Ḃ

̆ Ҍ Intra ῤ ’Ȃ 

, , ,f m i jX ȁ , , ,
Ĕ

f m i jX , , ,f m i jX! №≢ ȁ

f m Ҭ iҩ 8¦8 j№ ̆ Ӈ №

ҹ̔ 

2

, , , , , , , , ,[( ) ]f m i j t f m i j f m i jD E X X= -!  
̂2.1̃ 

Ҭ̆ [.]tE ₮ ᴰ ’Ҋ Ȃ [.]mE Ҭ

№ ̆ғפ [.]E [.]}{ tm EE ̆ ҩ Ҭ Kҩ 8¦8 ̆↕

f m № ҹ̔ 

{ }2

, , , , , , ,

2

, , , , , ,

[( ) ]

[( ) ]

f m m t f m i j f m i j

f m i j f m i j

D E E X X

E X X

= -

= -

!

!
  

2

, , , , , , , , , , , ,
Ĕ Ĕ[( ) ( )]

[1,..., ] , [0,1,2,...,63])

f m i j f m i j f m i j f m i jE X X X X

i K j

= - + -

Í Í

!

̂
 (2.2) 

 

2.3.4.1 Intra 宏块的失真估算 

Intra DCT ̆ , , ,f m i jX ȁ , , ,
Ĕ

f m i jX , , ,f m i jX! ᵝ DCT

№≢ , , ,f m i jY ȁ , , ,
Ĕ
f m i jY , , ,f m i jY! ̆ῒҬ , , , 0f m iY ȁ , , , 0

Ĕ
f m iY , , , 0f m iY! 8¦8 Ҭ

DC Ȃ ̆8¦8 DCT ֽ̆ ῒ № Ȃפ

)(, ID mf f Ҭ mҩ Intra ̆ ̂2.2̃

̔ 
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2

, , , , , , , , , , , , ,
Ĕ Ĕ( ) [( ) ( )]f m f m i j f m i j f m i j f m i jD I E X X X X= - + -!   

2

, , , , , , , , , , , ,
Ĕ Ĕ[( ) ( )]f m i j f m i j f m i j f m i jE Y Y Y Y= - + -!  

 

2

, , , , , ,[( )] [1,..., ] , [0,1,2,...,63])f m i j f m i jE Y Y i K j= - Í Í!    ̂  
(2.3) 

Ҭ I Intra Ȃ Ḥ ̂ DC ̃ ҹ _h dcL ̆Ḥ

ҹ br̆ פ _h dcP Ḥ ѿҩ ̆ԍ

̔ 

_

_ 1 (1 ) h dcL

h dc bP r= - -  (2.4) 

2.3.3 ̆ Intra Ḥ ₮ ̆ Ḥ

ҹ ₮ ҡ ῃ̆ ̆ , , , 0f m i jY =! Ȃפ , ( )h

f mD I Intra

Ḥ ₮ ⌠ ̆ ̂2.3̃ ̔ 

{ }2 2

, , , , , , ,( ) [( 0)] [( ) ]h

f m f m i j h m f m i jD I E Y P E Y= - = *  
(2.5) 

Ḥ DC ̆ AC ѿҩ ̆

↕ AC ҡ ̆ ’ ̔ 

_(1 ) [1 (1 ) ]h dc ac
L L

ac b bP r r= - - -  (2.6) 

Ҭ̆ acL Ҭ AC Ȃ ’Ҋ̆Intra

⌠ ҹ̔ 

{ }2, , , ,0 , , ,0 , , ,( ) [( ) ( 0)]ac

f m f m i f m i f m i jD I E Y Y Y= - + -  
 

2

, , ,[( ) ] ( [1,2,...,63])ac m f m i jP E Y j= * Í  
(2.7) 

Ҭ̆ , ( )ac

f mD I Intra Ҭ AC ₮ ⌠ Ȃ 

Intra Ḥ ᴰ Ҭ ̆ Ӈ Intra

ֽ Ḥ Ȃפ neP Intra ₮ ̆ԍ  ̔

_1 (1 ) ac h dcL L

ne bP r
+

= - -  (2.8) 

, ( )ne

f mD I Intra ᴰ Ҭ ₮ ֽ̆ Ḥ
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̆ ̂2.3̃ ̔ 

2 2

, , , , , , , , , , , , ,
Ĕ( ) [( )] [( )]ne

f m f m i j f m i j f m i j f m i jD I E Y Y E Y Y= - = -!  
 

2

, , , , , ,
Ĕ[( ) ]ne m f m i j f m i jP E Y Y= * -  

(2.9) 

̆҉ ҈ ’ ԑ ̆ ̆Intra ⌠

҉ ҈ ’ ̆ ̂2.5 ȁ̃̂ 2.7̃ ̂2.9̃ ⱴ̆

ԍ  

, , , ,

2 2

, , , , , ,

2

, , , , , ,

( ) ( ) ( ) ( )

[( ) ] [( ) ]

Ĕ[( ) ]

h ac ne

f m f m f m f m

h m f m i j ac m f m i j

ne m f m i j f m i j

D I D I D I D I

P E Y P E Y

P E Y Y

= + +

= * + *

+ * -

  

2 2

, , , , , , , , ,

2

, , ,0

Ĕ( ) [( ) ] [( ) ]

[( ) ] ( [0,1,2,...,63])

h ac m f m i j ne m f m i j f m i j

ac m f m i

P P E Y P E Y Y

P E Y j

= + * + * -

- * Í
 (2.10) 

̂2.4 ȁ̃̂ 2.6 ȁ̃̂ 2.8̃ ̂2.10̃ ₮̆ Intra ⌠

ᵀ ̆ Intra Ḥ ῒ DCT ȁDCT

╠ ṿץ ╠Ḥ ȂḤ

⌠ ̆ Ḥ Ӟ ῒ ₮

̆ Ӈ Intra ⌠ ᵀ Ḃ Ҭ Ȃ 

2.3.4.2 Inter 宏块的失真估算 

̆ Inter ≠ ╠ѿ Ҭ

̆ ꜚ Ḥ ̆ ᴰ Ḥ ꜚ Ȃ

ԍ Inter ̆ ⌠ Һ ԍḤ ȁḤ ᴰ Ҭ ꜚ

₮ ץ̆ ╠ѿ Ȃ 

ԍ Inter ̆ Ҋ҈ ’ № ̔ ꜚ

Ḥ ₮ ȁ ꜚ ₮ ץ ꜚ Ҍ₮

Ȃ 

ԍ ѿ ’̆ ꜚ Ḥ ₮ ̆

ꜚ ̆ Ḥ ҡ ̆ ╠

ѿ ᵝ Ḥ ף ̆ , , ,f m i jX! 1, , ,f m i jX -
! ף Ȃ _h mvL Inter

Ḥ ̆ פ _h mvP Inter Ḥ ₮ ѿҩ ̆
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ԍ  

_1 (1 ) h mvL

h mv bP r+ = - -  
(2.11) 

, ( )h

f mD P Inter Ḥ ₮ ⌠ ̆ῒҬP

Inter Ȃ ̂2.2̃ ̔ 

2

, , , , 1, , ,

2

, , , 1, , , 1, , , 1, , ,

2 2

, , , 1, , , 1, , , 1, , ,

2

_ , , , 1, , , _ 1, , , 1,

( ) [( ) ]

[( ) ( )]

[( ) ] [( ) ]

[( ) ] [(

h

f m f m i j f m i j

f m i j f m i j f m i j f m i j

f m i j f m i j f m i j f m i j

h mv m f m i j f m i j h mv f m i j f m

D P E X X

E X X X X

E X X E X X

P E X X P E X X

-

- - -

- - -

- - -

= -

= - + -

= - + -

= - + -

!

!

!

! 2

, , ) ]i j

  

_ , _ 1,h mv f m h mv f mP R P D-= +  (2.12) 

Ҭ̆ mfR , ῀ ↓Ҭ ╠ ҍ╠ѿ ᵝ

№ ̆ ԍ ῀ Ȃ 1,f mD - ↕ ╠ѿ Ҭ ᵝ

⌠ Ȃ ԍ ̆ 1, , ,f m i jX -
! ̆ ׅץ [.]E Ȃ

̆ ̂2.12̃Ҭ ҉ ң № ̆ ҹ ῀ Ҭ ң ᵝ

╠ѿ ᵝ ⌠ Ҍ ῏ Ȃ 

ԍ ԋ ’̆ Inter Ҭ̆ ꜚ№◓ ꜚ

№ ̆ ꜚ ’Ҋ̆ ₮ ̆

’Ҋ̆ ᴪ ῒ ̆ᵖׅ ꜚ ꜚ

ễ̆ ӊ̆ ╠ѿ № 1, , ,f m d i jX - +D
! ף , , ,f m i jX! ̆ῒҬ dD

ꜚẒ Ȃ reL Inter ̆ reP

Ḥ ̆ ₮ ѿҩ ̆ԍ ̔ 

_(1 ) [1 (1 ) ]h mv re
L L

re b bP r r= - - -  (2.13) 

פ , , ,f m i je ҹ , , ,f m i jX ̆ , ( )re

f mD P Inter Ҭ №

₮ ⌠ ̆ԍ ̔ 
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2

, , , , 1, , ,

2

, , , 1, , , 1, , , 1, , ,

2

1, , , , , , 1, , , 1, , , 1, , ,

, , , 1, , ,

( ) [( ) ]

[( ) ( )]

[( ) ( )]

[ (

re

f m f m i j f m d i j

f m i j f m d i j f m d i j f m d i j

f m d i j f m i j f m d i j f m d i j f m d i j

f m i j f m d i j

D P E X X

E X X X X

E X e X X X

E e X

- +D

- +D - +D - +D

- +D - +D - +D - +D

- +D

= -

= - + -

= + - + -

= + -

!

!

!

2

1, , ,

2 2

, , , 1, , , 1, , ,

)]

[( ) ] [( ) ]

f m d i j

re m f m i j re f m d i j f m d i j

X

P E e P E X X

- +D

- +D - +D= + -

!

!

  

2

, , , 1,[( ) ]re m f m i j re f m dP E e P D- +D= +  (2.14) 

Ҭ̆ 1,f m dD - +D ╠ Inter ╠ѿ Ҭ ⌠ ̆

2

, , ,[( ) ]m f m i jE e ↕ Inter ╠ ṿȂ ≢ ̆

Ἕ ꜚ ễ̆ 1,f m dD - +D ╠ѿ ῏ ⌠ ⱴ

1,i f m iD - +µä ᵀ ̆ῒҬ iµҹ ╠ѿ Ҭ ῏ ̆

Ἕ Ȃ 

ԍ ҈ ’̆ Inter ꜚ ҍ Ḥ Ҍ₮ ̆

Inter Һ Ḥ ╠ѿ Ȃ

neP ꜚ Ḥ Ҍ ̆ԍ ̔ 

_(1 ) h mv reL L

ne bP r
+

= -  (2.15) 

, , ,f m i je! Inter ̆ פ , ( )ne

f mD P Inter Ҭ

₮ ’Ҋ ⌠ ̆ԍ ̔ 

2

, , , , , , ,

2

1, , , , , , 1, , , , , ,

2

1, , , 1, , , , , , , , ,

1, , , 1, , , , , , , , ,

( ) [( ) ]

[( ) ( )]

[( ) ( )]

[( ) (

ne

f m f m i j f m i j

f m d i j f m i j f m d i j f m i j

f m d i j f m d i j f m i j f m i j

f m d i j f m d i j f m i j f m i j

D P E X X

E X e X e

E X X e e

E X X e e

- +D - +D

- +D - +D

- +D - +D

= -

= + - +

= - + -

= - + -

!

! !

! !

! ! ! 2

2

1, , , 1, , ,

)]

[( ) ]f m d i j f m d i jE X X- +D - +D= -!

  

1,ne f m dP D - +D=  (2.16) 

Ҭ̆ 1,f m dD - +D ӈ № ̂2.14̃ ̆ ҌῬ Ȃ 

҉ ̆ Inter ⌠ № ҈ ’ ԑ ̆ Ĭnter

⌠ ҉ ҈ ’ ̆ ̂2.12 ȁ̃̂ 2.14̃

̂2.16̃ ⱴ̆ԍ ̔ 
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, , , ,

2

_ , _ 1, , , ,

1, 1,

( ) ( ) ( ) ( )

[( ) ]

h re ne

f m f m f m f m

h mv f m h mv f m re m f m i j

re f m d ne f m d

D P D P D P D P

P R P D P E e

P D P D

-

- +D - +D

= + +

= + +

+ +

  

2

_ , 1, , , , 1,( ) [( ) ] ( )h mv f m f m re m f m i j re ne f m dP R D P E e P P D- - +D= + + + +  (2.17) 

̂2.11 ȁ̃̂ 2.13̃̂ 2.15̃ ̂2.17̃ ̆Inter ⌠ ᵀ ԅ

ᵌ Intra Ḥ Ḥ ̆ ⌠

ꜚ ȁ╠ѿ ᵀ ṿץ ῀ ↓Ҭ ң ᵝ

ṿȂ ≢ ̆╠ѿ ⌠ ᵀ ṿᵬҹ ῀̆

ԅ ╠ Inter ⌠ ᵀ ̆ ᾧ ᵌ [82]Ҭҹᵀ P-VOP ̆

↓ ῤ Ԋᾢ Ȃ 

2.3.4.3 视频编码序列的失真估算 

ҩ VOP Mҩ ̆ Ӈ I-VOP VOP Ҭ Intra

⌠ ṿ̆ ̂2.10̃ ̔ 

ä
=

=
M

m

mff ID
M

ID
1

, )(
1

)(  (2.18) 

̆ ̂2.17̃ P-VOP ҹ̔   

ä
=

=
M

m

mff PD
M

PD
1

, )(
1

)(  (2.19) 

↓ GOP ҹW̆ ҩ GOP 1ҩ I-VOP )1( -W ҩ

P-VOP̆ ↓῍ Gҩ GOP̆ Ӈ ᴰ ↓ ⌠ ᵀ ṿҹ  ̔

ä ää
-

=

-+

+=

-

=
ö
ö

÷

õ

æ
æ

ç

å
+==

1

0

1)1(

1

1

0

)()(
1

)(
1 G

g

Wg

gWf

fgW

G

g

GOPS PDID
GW

gD
GW

D  (2.20) 

Ҭ̆ SD ↓ ⌠ ṿȂ ̂2.18̃~̂2.20̃ ₮ԅץ

Intra Inter ⌠ ᵀ ҹ ̆ ҩ ץ ҩ ↓

⌠ ᵀ Ȃ 

2.4 仿真与结果 

ҹԅ ᵀ ̆ MPEG-4 ̂Verified Model, VM̃[99]҉
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ԅ ₮ ᴰ ⌠ ᵀ Ȃ ԍⱴ Ḥ ̂Addtive 

White Gauss NoisĕAWGÑḤ ץ ≠̂Rayleigh̃ Ḥ ₮

ғ ᾝ 0 1 ԑ₮ ᴆҊ ҹԋ └ Ḥ ̂Binary 

Symmetry Channel̆BSC̃[81]̆ BSCḤ ᵬҹᴏ Ḥ Ȃ

₮ BSCḤ ᴰ ῒ ⌠ ṿ̆ ѿ

↓ Ḥ ᴆҊ 30 ᴏ

̂ Ḥ ᵝ ̃̆ 30 ṿᵬҹ

ṿȂ ̆ ̂2.21̃ MSEṿ ҹ ṿḤ

̂Peak Signal Noise Ratio, PSNR Ȃ̃     

2

10

255
10 logpsnr

mse

è ø
= Ö é ù

ê ú
 (2.21) 

Ẓ ҍ Ẓ [79] ῃ ⌠ ᵀ

Ȃ ᵀ Ẓ ᵀ ᵀ PSNR ṿҍ PSNR ṿ

ӊ ṿ̆ Ẓ ↕ ᵀ ᵀ Ẓ ҍ ṿӊ ̆

̂2.22̃ ̆ῒҬ
nD

~
n Ḥ ᵀ PSNRṿ̆

nDĔ PSNRṿ̆

Nҹ ↓ Ȃ 

%100
Ĕ

~Ĕ

1

1 ³

-

=

ä

ä

=

=

N

n

n

N

n

nn

D

DD

e  (2.22) 

ᴏ 12 QCIF 4:2:0 ‰ ↓ ԅ ̆ tempete

↓ҹ 250 ̆ῒᵩ ↓ ҹ 300 ̆ ҹ 15f/s̆ GOP 5Ȃ 

2.1 ₮ ᴰ ⌠ ᵀ ↓ Ҍ Ḥ

’Ҋ ⌠ ᵀ Ẓ ȂḤ ҹ

96kbps̆ Ҭ ҩṿ Ҍ Ḥ Ҋᵀ Ẓ ṿ̆Ḥ

׆ 210-⌠ 610-Ȃ 2.2↕ carphone ↓ Ҍ Ḥ Ҋ ᵀ Ȃ 
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2.1  ↓ ᴰ ⌠ ᵀ Ẓ  

 

↓ 

ᵀ

Ẓ  

ᵀ

Ẓ ̂dB  ̃

 

↓ 

ᵀ

Ẓ  

ᵀ

Ẓ ̂dB  ̃

salesman 1.70˿ 0.255 tempete 2.93˿ 0. 357 

mthr&dhtr 1.59˿ 0.225 coastguard 3.85˿ 0. 449 

silent 1.86˿ 0. 227 container 7.67˿ 0. 851 

news 1.43˿ 0.220 carphone 2.30˿ 0. 306 

akiyo 3.04˿ 0. 543 foreman 4.07˿ 0. 411 

mobile 3.23˿ 0. 320 stefan 16.29˿ 1. 418 
 

 

2.2  carphone ↓Ҍ Ḥ Ҋ ᵀ Ẓ  

BER ᵀ PSNR  

(dB) 

PSNR 

(dB) 

ᵀ

̂dB̃ 

ᵀ  

2102.1 -³  7.307 7.632 0.325 4.27% 

31.2 10-³  12.970 13.591 0.621 4.57% 

41.2 10-³  20.833 21.329 0.496 2.33% 

51.2 10-³  24.828 24.894 0.066 0.27% 

61.2 10-³  25.586 25.606 0.020 0.08% 

 0.306 2.30% 
 

 

׆ 2.1 2.2 ₮̆ ԍ № ↓ ̆ Ҍ

Ḥ ᵀ ᴰ ⌠ Ẓ └ ῤ̆Tץ˿8

Ẓ Ҍ 0.9dB̆‰ ̆ᵖ ҩ≢ ↓̂ stefan ↓̃ ᵀ

Ẓ Ȃ Ҭ̆ ╠ѿ Ҭ ῏

ⱴ ṿ ̆ ԍ╠ ꜚ ▲ ῤ ̂

stefan ↓̃ ̆ ӎῤ ̆ ᵀ Ȃ 

2.3 ₮ԅ 4ҩ ↓ Ҍ Ḥ Ҋ̆ᵀ PSNR ṿҍ

PSNRṿ ̆Ḥ 96kbpsȂ ץ ₮̆ Ҍ Ḥ Ҋ̆

mobileȁcoastguardȁforemanȁcarphoneȁmother&daughter salesman 6

ҩ ↓ ⌠ ᵀ ṿҍ ṿ ̆ᵀ Ẓ └ 0.7dBῤȂ 
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[82] № Ḥ ҍ ᵌ̆ Ҭ Ḥ

Ḥ Ȃᵖ ̆ [82] ₮ Ҭ̆

ᵀ ̆ Ԋᾢץ ׆ 20ҩ ↓ Ҭ

̆ ̆ ץ Ԋᾢ ᴰ ῤ ץ

Ҭ Ȃ ̆ 16ҩ ↓ Ḥ Ḥ ᵀ Ẓ

1dB ῤ̆ץ ₮ ↓ Ҍ Ḥ Ҋ Ẓ └

0.9dBץῤ̆ ғ Ḥ

ᵀ ̆Ҍ Ԋᾢ ̆ ԍԊᾢ ᴰ

ῤ Ҭ Ȃ 

2.5 本章小结 

Ҭ̆ № ԅ ḤҬ ⌠ ̆ ₮ԅѿ ԍ

⌠ ᵀ ̆ ̆≠ Ḥ ̆ Ḥ

̆ ᵀ ̆ Ҍ Ԋᾢ

ᴋᵥ Ȃ ̆ № ↓̆ Ҍ Ḥ

Ҋ̆ ᵀ Ẓ ԍ 8˿̆ Ẓ └ 0.9dBץῤ̆

‰ Ȃ ҹ ԍ R-D P-R-D ῏ᴨ Ҭ ᵀ ᶫѿҩ ⱬ

ΐ̆ ԍԊᾢ ᴰ ῤ Ȃ 
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3 基于混合信道的视频传输失真估计算法 

3.1 引言 

Ḥ ץ ҍԑ ̆ ԑ ̂Wireless 

Internet̃[100-102] ⌠ Ȃ ԑ Ḥ [103-104]Ҭ̆

̂ ҹ Ḥ ̃Ҭᴰ ̆ Ḥ

ᴰ ȁ № ҡ ̆

Ҭ ԍ ȁ ̆ӂ № ҡ [105-109]Ȃ

ԑ ᴰ ̆ ᴰ ̆ҹ ᴨ ᶫ

‰ ΐ ᵀ ᶭ ҩ ᴋⱵȂ 

№ ҡ ҉ ҉̆ ₮ԅѿ

ԍ Ḥ ᴰ ᵀ ̆ № ῒ ῒ

Ȃ 

3.2 相关研究工作 

Ḥ ̆ ╠ ԍ ᴰ Ḥ ᵀ ᵬ

№ҹ҈ ̔ 

ѿ № ҡ ᴰ [76-80]̆ ᵬֽ

№ ҡ ѿ ₮ ̆ѿ֓ ᵬ[78][80] Ẋ ҩ № ѿҩ

̆ № ῃ ҡ Ȃף ᵬ ̔Zhihai He ֲ[78]↕ ₮ѿ

ԍ ᵀ Ḥ ̆ ╠ ҍ╠ѿ ӊ ᴰ

ץ Ҭ ң ≢̆ ױז̆ Ṣ └ ̆ ᴰ

ᵬҹ‖₯ ̆ ₮ѿҩ ᴰ [79]ȂYao Wang ֲ[80]
 

H.264 ‰Ҭ ῤ ̂Intrapredictioñ ̂Deblocking̃ ₮ѿ

ҩ ԍ Ḥ Ȃ 

ԋ ᵬҺ ᴰ ȂSabir ֲ[81]

№ ҉̆ MPEG-4 ᴰ Ḥ Ȃ 

҈ ᵬ № ҡ

Ȃ № ᵬ ȂShen ֲ[107] Ḥ ̆
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Zhang Rui ֲ[76] ₮ Ἕ ҉̆ ₮ Ḥ ᵀ

̆ᵖ ῒ ᵬӞֽֽ № ҡ ̆ ῀

₮ ᴰ Ȃ 

№ ̆ ԋ Ҭ

҉̆ ѿ № ҡ ᴰ ̆

Ḥ ᴰ ᵀ Ȃ 

3.3 基于混合信道的视频传输失真分析与估算 

3.3.1 系统框架 

3.1 ₮ ԍ Ḥ ᴰ Ȃ

/ ȁ ⅞№ȁ Ḥ ȁ№ ҡ ץ Ȃ 

 

№

№ ҡ

Ḥ

 

3.1  ᴰ  

 

3.3.1.1 视频编解码器 

MPEG-4 Ҭ ң ̂VOP̃̔ ῤ VOP ץ

VOP, ң VOP№≢ I-VOP P-VOP Ȃ ῤ I-VOP

Ҭ̆ ѿҩ ῤ ̆ P-VOPҬ̆

̆Ӟ ץ ῤ Ȃҹԅ Ḃ ̆ Ҍ

ῤ Ҭ DC/AC ῤ ’Ȃ 

3.3.1.2 视频分组 

№ Ҭ̆ MPEG-4 ‰ ң [90]̔

̂Resynchronizatioñ №◓̂Data Partitioning, DP̃̆ 3.2 Ȃ ҩ

№ Ҭ ҹ ̆ ғ ҩ№ ԍ VOPȂ
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̆ ҩ № Ḥ ȁ№ Ҭ ѿҩ ץ

Ȃ P-VOP № Ҭ̆ ꜚ Ḥ ҍ Ḥ ӊ ≠

ꜚ№◓ ̂Motion Marker̃ №◓̆ I-VOPҬ № Ҍ №

◓ Ȃ 

 

(1)№ Ḥ (2) (3) ... (n)
 

̂ãI-VOP №  

 

№ Ḥ ꜚ Ḥ ꜚ№◓ Ḥ

 ꜚ

Ḥ (1)

  ꜚ

Ḥ (2)
...

 ꜚ

Ḥ (n)

DCT (1) DCT (2) ... DCT (n)

 

̂b̃P-VOP №  

3.2  №  

 

3.3.1.3 差错隐藏 

№ ҡ ̆ № Ҭ Ḥ ҡ Ȃ

’Ҋ̆ ԍ I-VOP № ̆Ẋ ῒ ῃ ̆

P-VOP № ↕ ╠ѿ ᵝ Ḥ ף Ȃ 

Ẋ ѿ ῤ ⌠ Ȃ № Ḥ

₮ ѿҩ ̆ Ӈ № Ḥ ῃ ҡ Ȃ

’Ҋ ҍ҉ ҩ № ҡ ’ Ȃ 

₮ № ῒז № ’Ȃ ԍ I-VOP № ̆

⌠ № Ҭ ѿҩ ₮ ѿҩ Ҭ̆ Ӈ

ץ Ḥ ҡ ̆ Ȃ ԍ P-VOP

№ ̆ № ѿҩ ⌠₮ ѿ ꜚ ҉ ̆
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ꜚ ץ ꜚ ῃ ҡ Ȃҹԅ ̆

╠ѿ Ḥ ף Ȃ ֽ₮ ꜚ№◓

Ҭ ̆ ҡ ̆ ’Ҋ̆ ׅ

ꜚ ꜚ ễ ᵬȂ 

3.3.1.4 分组丢失检测 

Ҭ ᴰ № ̆ ̆

№ № ҡ ̆ №

ҡ ԍ Ȃ 

3.3.1.5 混合信道 

Ḥ ң №Ȃ Ҭ̆

҉ ΐ ̆p [110] № [111] ֜

ᶏ ѿ ῤ ҹ ̆ ғ̆֜ ᵬ

Ҭ Ҍ Ȃҹԅ ̆ Ẋ № ҡ

Ȃ 

3.3.2 传输失真分析与估算 

Ҭ̆ ױ ԍ Ḥ ᴰ № ᵀ Ҋץ̆

MSE ᴰ Ȃ 

 imfV ,,
Ĕ  imfV ,,

~
№≢ f Ҭ mҩ Ҭ iҩ№

Ḥ ṿȂ ̆ ֓№ ץ ֦ № Ӟ ץ № Ȃ

Ӈ̆ ԍ№ i ̆ Ḥ ᴰ ҹ ])
~Ĕ[( 2

,,,, imfimft VVE - ῒ̆Ҭ ][ÖtE

ᴰ ’ ̆ t Ḥ ᴰ Ȃ ̆ ױ }{ÖmE

ѿҩ Ҭ № ̆m ṿȂ ̆ f Ҭ mҩ

ᴰ ҹ̔ 

{ }])
~Ĕ[( 2

,,,,, imfimftmmf VVEED -=  (3.1) 

3.3.2.1 INTRA 宏块的传输失真分析与估算 

ҹԅҌ ѿ ̆ ╠ № Ҭ ҹ kȂ 

ԍ ῤ INTRA Ḥ̆ ᴰ Һ ԍ Ḥ
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ҡ Ȃ 3.3.1 ̆ ԅ ₮ № ҡ ᴪ INTRA

Ḥ ҡ ̆ Ҭ № Ӟᴪ INTRA Ḥ

ҡ ̆ ’ ̔ № ȁ ╠ ӊ╠ ץ

╠ Ȃ ̆ ֓ ’ Ҍ ̆ᶛ ̆ ѿҩ

№ № ҡ ̆ Ҍ ⌠̆ ’

Ҍ ȂҊ ױ ֓ ’ Ȃ 

╠ № ҡ pr̆ῒҬ p № Ȃ

╠ № ҡ ᴪᶏ ӊҡ ̆ ̆ ╠ ҡ

ҍ ╠ № ҡ pr Ȃ ѿ ̆ ╠ №

≠ ̆ Ӈ Ḃ № ̆ Ӟ ⌠ Ȃ

ѿ ̆ ץ Ҭ ⌠ ℗ᵝ ̆ᵖ

̆ ‰ ⌠₮ DCT 80.4˿̆

’ Ҍ ⌠ DCT ’[81]Ȃ ̆Ẋ

ῤ ⌠ ᵝ Ȃ 

 hL  № Ḥ ̆ hP № Ḥ Ҭ₮

ѿҩ ̆ԍ  

(1 )[1 (1 ) ]hL

h p bP r r= - - -  (3.2) 

Ҭ̆ br Ḥ Ȃ 

ѿ ’̆ № Ḥ ₮ ̆ ₮

Ȃ pL mbN №≢ № № ̆

פ mbL № Ҭ ̆ Ӈ 

( )mb p h mbL L L N= -  (3.3) 

mbP № Ҭ ѿ Ҭ₮ ѿҩ ̆ԍ  

mbL

bermbP )1(1 r--=  (3.4) 

פ № Ҭ ѿҩ ₮ nҩ ҹ ( )mbP n ̆ Ӈ 

mb

n

mbmb PPnP 1)1()( --=  (3.5) 

׆     3.3.1.3 ̆ № Ҭ╠ ₮ Ӟᴪ ╠

̆ ̆ ԍ № Ҭ₮ ╠ Ḥ
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ҡ ̔ 

ä
=

--=
k

n

mbhplrmbloss nPPkP
1

)()1)(1()( r  (3.6) 

╠ INTRA Ḥ ₮ ҡ ̆ Ȃ

, ( )f mD I INTRA Ḥ ᴰ ̆ῒҬ I INTRA ̆ ̂3.1̃

̔ 

{ } { }2 2

, , , , ,
Ĕ Ĕ( ) [( 0) ] [( ) ]f m m t f m i m t f m iD I E E V E E V= - =   

2

, ,
Ĕ( ( )) [( ) ]plr h mbloss m f m iP P k E Vr= + + *  (3.7) 

҉̆ ])Ĕ[( 2

,, imfm VE  ╠ INTRA ṿȂ  (3. 2) ̂͘3.7̃

₮̆ҹԅᵀ INTRA Ḥ Ҭᴰ ₮ ̆ №

Ḥ ȁḤ ץ’ INTRA ṿȂ ԍ ̆Ḥ ’

̂ ҡ ̃ Ḥ [78][107]̆ INTRA

ṿץ № Ḥ Ҭ Ȃ 

3.3.2.2 INTER 宏块的传输失真分析与估算 

INTER Ḥ ᴰ № ҍᵀ Ȃ

INTER ╠ Ҭ ̆ ̆╠

₮ ᴰ ᴪᴰ ⌠ ╠ INTER ̆ Ȃ

ѿ ̆INTER Ḥ ꜚ Ḥ ₮ ̆Ӟᴪ

Ȃ  ̆ INTER ᴰ Һ ңҩ №̔ Ḥ ₮

ץ ╠ѿ Ḥ ᴰ ȂҊ

Ҍ ’ Ḥ ᴰ Ȃ 

╠ INTER № ₮ ҡ № Ḥ

ᴪ ╠ INTER Ḥ ҡ ̆ ң ’ ᵌԍ

INTRA ̆ῒ ╠ѿҩ Ҭ ԅ̆ ҌῬ Ȃ ѿ

’̆ № Ḥ ̆ № ꜚ ₮ Ȃפ mvtL

mvL № Ҭ ꜚ ̆ԍ  

mbmvtmv NLL =  (3.8) 

mvP № Ҭ ѿ INTER ꜚ ѿҩ
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̆↕ 

1 (1 ) mvL

mv bP r= - -  (3.9) 

( )mvP n № Ҭ₮ ѿҩ nҩ ꜚ

̆ԍ  

mv

n

mvmv PPnP 1)1()( --=  (3.10) 

№ ѿҩ ╠ ꜚ Ҭ ╠

ꜚ ᴪ ╠ ̆ פ ( )mvlossP k ’ ̆  

1

( ) (1 )(1 ) ( )
k

mvloss p h mv

n

P k P P nr
=

= - -ä  (3.11) 

╠ INTER ̆ ᴪ ╠ѿ Ҭ ᵝ

ף Ȃ ̆╠ѿ Ҭ ᵝ ᴰ Ҭ₮

ԅḤ Ȃ ̆ ’Ҋ ң ̔ ᵬ ץ

╠ѿ ᵝ Ḥ Ȃפ mfS , f Ҭ mҩ ԍ

ᵬ ̆ mfD ,1- ↕ ╠ѿ 1f -Ҭ ᵝ m Ḥ Ȃ

̆ ң ֜ Ȃ ĬNTER Ḥ ҡ ᴰ ҹ  ̔

, 1,( ) ( ( ))( )mbloss p h mvloss f m f mD P P P k S Dr -= + + +  (3.12) 

ῒҬ̆ ᵬ Ḥ ҉ ңҩ Ҭ ᵝ

ṿ̆  

])ĔĔ[( 2

,,1,,, imfimfmmf VVES --=  (3.13) 

̂3.1̃ ̆╠ѿ Ҭ ᵝ Ḥ ҹ̔ 

{ }2

1, 1, , 1, ,
Ĕ[( ) ]f m m t f m i f m iD E E V V- - -= -!  (3.14) 

Ҋץ INTER ₮ № ’Ȃ ԍ № Ҭ ԅ №◓

̆ № Ҭ ꜚ Ḥ ꜚ №◓Ȃ № Ҭ

ꜚ Ḥ ₮ ̆ ₮ ꜚ Ḥ ҉̆

Ӈ № Ḥ ҡ Ȃ 

 reL   mbmL  №≢ № Ҭ Ḥ ꜚ ̆

פ № Ҭ Ḥ ꜚ№◓ ₮ ѿҩ ҹ reP ̆

ԍ  

(1 )(1 )(1 ) [1 (1 ) ]mvt mbm reL L L

re p h b bP Pr r r +
= - - - - -  (3.15) 

̆ № Ҭ ѿҩ ₮ ╠ ӊ ꜚ ҉̆
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Ӈ № Ҭ Ḥ Ӟ ҡ ̆ mvnoerrP ’

̆ԍ  

1

(1 )(1 ) ( )
mbN

mvnoerr p h mv

n k

P P P nr
= +

= - -ä  (3.16) 

҉ ң ’Ҭ̆ № Ҭ Ḥ ̆

ꜚ ׅ ꜚ ễ ᵬȂ ᵬӞᴪ ң

̔ Ḥ ץ ╠ Ҭ Ḥ Ȃפ 

mf ,x  f Ҭ mҩ ԍ Ḥ ҡ ̆ dmfD D+-,1 ↕

m ╠ѿ 1f -Ҭ Ḥ ῒ̆Ҭ dD  ╠ m

ӊ ꜚẒ Ȃԍ ̆INTER ԍ Ḥ ҡ ᴰ

ҹ̔ 

))(()( ,1, dmfmfmvnoerrrereloss DPPPD D+-++= x  (3.17) 

 imfe ,,
Ĕ  f Ҭ mҩ № ĭ Ӈ Ḥ

ҡ ҹ̔ 

2 2

, , , , ,
Ĕ Ĕ[( 0) ] [( ) ]f m m f m i m f m iE e E ex = - =  (3.18) 

̆ m ╠ѿ 1f -Ҭ ᴰ ╠ѿ

Ҭ ῏ ̔ 

1, 1,f m d j f m jD D- +D - += µä  (3.19) 

ῒҬ̆ jµ ╠ѿ Ҭ ῏ Ҭ ᶛȂ ̆

Ҭ jµ Ἕ Ȃ 

INTER Ҍ Ḥ ’Ȃ INTER ꜚ

Ḥ ̆ᵖ ╠ѿ Ҭ ᴰ

Ҭ Ḥ ̆ ῏ ⌠ ╠ ҬȂ errfreeP

’ ̆ Ӈ 

(1 )(1 ) pL

errfree p bP r r= - -  (3.20) 

’ INTER ҹ ( )errfreeD P ̆ԍ  

dmferrfreeerrfree DPPD D+-= ,1)(  (3.21) 

҉ ̆҉ ’ INTER Ḥ ᴰ ̆ ғ

֓ ’ Ҍ ̆ ̆INTER Ḥ ᴰ ҉ ’
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̆ ⱴ ̂3.12̃̆̂3.17̃ ̂3.21̃ ⌠̔ 

dmferrfreemvnoerrremfmfmvlosshplr

errfreerelossmblossmf

DPPPSDkPP

PDPDPDPD

D+-- ++++++=

++=

,1,,1

,

)()))(((

)()()()(

r
  

mfmvnoerrre PP ,)( x++  (3.22) 

 

׆ ̂3.22̃ ₮̆ INTER ᴰ ᵀ ⌠

Ҭ ᵝ ȁINTER Ḥ ץ № Ḥ ̆

֓Ḥ Ȃ ̆ ₮ ≠ ╠ѿ ᵀ

⌠ ╠ INTER ̆ ԅѿҩ Ȃ ̆

₮ ҍ [82] ᵬҌ ̆ Ҍ ᴏ ↓

Ḥ Ҭ ᴰ Ȃ 

3.3.2.3 VOP 的传输失真估算 

VOPῤ ҹM Ĭ-VOP ᴰ VOPῤ INTRA

ṿ̆  

ä
=

=
M

m

mff ID
M

ID
1

, )(
1

)(  (3.23) 

P̆-VOP Ḥ ᴰ ↕ VOPῤ INTER INTRA ṿ̆

 

ö
ö

÷

õ

æ
æ

ç

å
+= ää

==

2

1

,

1

1

, )()(
1

)(
M

mi

mif

M

mp

mpff IDPD
M

PD  (3.24) 

ῒҬ̆ 1M 2M №≢ INTER INTRA Ȃ 

3.3.2.4 算法复杂度 

3.3.2.1 ̆T INTRA Ḥ ᴰ Һ Ҭ

ᴰ ץ ṿȂ ̂3.2̃̂͘3.6̃

₮̆ INTRA ’ ֽ ̆ ̂3.7̃

Ҭ INTRA ṿ ᵬ

ᵬ Ȃ 

ԍ INTER Ḥ ᴰ ᵀ ̆Һ ԍץҊ₃ҩ

₮̔ ȁINTER ҍ╠ѿ Ҭᵝ ȁINTER
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ṿ ץ ╠ѿ Ҭ Ȃ ̂3.8 ~̃̂ 3.11̃

̂3.15 ~̃̂ 3.16̃̂2.20̃ ₮̆ INTER ₮ ᵬ INTRA

̆ᵖ Ӟֽ ₃ҩ ᵬȂῬ ̆ ̂3.8̃ ╠ INTER

ҍ╠ѿ Ҭᵝ ץ ̂3.13̃ INTER

ṿ ᵬҍ Ҭ INTER ꜚᵀ

₃Ӎ ץ Ȃ ̆≠ ̂3.14̃ ╠ѿ ⱴ Һ

ꜚ ╠ѿ ῏₃ҩ ᶛ̆ ᵬ

Ӟֽ ₃ҩ ᵬ̆ INTER ꜚ ễ

ᵬ Ȃ 

҉ץ № ₮̆ᵀ INTRA INTER ᴰ

ױ ̆ ₮ ⌠

Ḥ Ȃ 

3.4 仿真与结果 

₮ ᵀ ̆ № Ȃ ᴏ

MPEG-4
[99]҉ Ȃ 

3.4.1 恒定信道状况下仿真结果 

ᴏ 6ҩ QCIF ̂176¦144̃ ↓ ̆ ҹ 15 /

̆ Ἕ ҹ 30̆ Ἕ ѿ ҹ I-VOP̆ ҹ P-VOPȂ

֓ ↓ΐ ׆ ꜚ⌠ ꜚ Ҍ ꜚ ̆ ҩ ↓ 150

̆ № №≢ ҹ 96kbps 1000 Ȃ ҩ № Ҭ̆

№ Ḥ ꜚ №≢ ҹ 32 17 Ȃ 

3.1↓ҽ Ҍ ↓ Ҍ Ḥ ’Ҋ ᵀ ȂῒҬ̆

№ ҡ ׆ 4.2% ⌠ 21.2%̆

׆↕ 210-  ⌠ 610-Ȃ ҡ № ’Ҋ̆ ҩ ↓

50 Ҍ Ḥ ᴏ ̆ ץ 50 ᴏ Ḥ ᴰ ṿᵬҹ

ṿȂ ̆ ᵀ ̂Relative Estimation Error̆REẼ[79]
 

ᵀ ᵀ ȂREE ̂3.25̃ ̆ῒҬ nD
~

  nDĔ №≢

nҩ ᵀ ṿ ṿ̆N  Ȃ
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 ̆ nD
~

  nDĔ ץ ṿḤ ᵬҹ Ȃ 3.2 ᵀ ↓ salesman

Ҍ Ḥ ’Ҋ ᵀ Ȃ 3.1 3.2 ᴏ ̆ ԍ № ↓

̆Ҍ Ḥ ’Ҋᵀ REE └ ῤ̆ץ˿5 ̆ ₮

ԍҌ ↓ Ҍ Ḥ ’Ҋ ᴰ ᵀ Ȃ 

%100
Ĕ

~Ĕ

1

1 ³

-

=

ä

ä

=

=
N

n

n

N

n

nn

D

DD

e  (3.25) 

 

3.1 Ҍ ↓ Ҍ Ḥ ’Ҋ ᵀ  

↓ ҡ   ṿ(dB) ᵀ ṿ(dB) ᵀ  

news 4.2˿ 2102.1 -³  7.35 7.10 3.52˿ 

salesman 8.2˿ 3102.1 -³  10.06 9.91 1.46˿ 

coastguard 10.7˿ 4102.1 -³  13.27 13.45 1.31˿ 

foreman 12.3˿ 5100.1 -³  12.98 13.46 3.62˿ 

stefan 14.9˿ 6103.1 -³  12.87 13.44 4.24˿ 

football 21.2˿ 6104.1 -³  11.87 13.04 8.96˿ 
 

 

 

3.2 salesman Ҍ Ḥ ’Ҋ ᵀ   

 

↓ salesman 

 2102.1 -³  3102.1 -³  4102.1 -³  5103.1 -³  6102.1 -³  

ҡ  4.2˿ 10.2˿ 12.1˿ 14.8˿ 20.0˿ 

ᵀ  3.60% 0.91% 4.56% 1.21% 0.58% 

 

3.3Ҭ ₮ mobile ↓ akiyo ↓ Ҍ Ḥ Ҋ ᵀ

ṿҍ ṿӊ Ȃ Ҭ̆ ԅḤ ̆ῒ

ᵩ ҍ ҉ 6ҩ ↓ Ȃ 3.3̂ã ₮ mobile ↓

̆ῒҬ ҡ №≢ ҹ 5˿ 510-̕ 3.3̂b̃↕ ₮

akiyo ↓ ̆ῒҬ ҡ №≢ ҹ 10˿ 410-Ȃ

3.3 Ҭ ṿӞ 50 ᴏ ṿȂ׆ 3.3 ₮̆ Ҍ
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Ḥ Ҋ̆ᵀ ṿҍ ṿ ̆ └ 1dB ῤȂץ

ῒז ΐ Ҍ ↓ ԅ ̆ Ҍ Ḥ ’ȁ ץ↓ Ḥ

Ҋ̆ ₮ ᵀ Ҍ 1dBȂ ̆ Ẋ

№ ҡ ҍ ̆ ╠ Ҋ̆ ѿ

↓Ҍ Ḥ ̆ῒᴰ ᵣ҉ ѿ Ȃᵖ ̆

ԍ ṿ ᴏ Ҭ ̆ ԍḤ ’ ̆

ṿᴪҍ ṿӊ ̆ Ҭ ṿᴪ₮ ꜚ ’Ȃ 
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Ḥ
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)
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ṿ
Ḥ
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d

B
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ᵀ ṿ

ṿ

ᵀ ṿ

ṿ

 

3.3 Ҍ Ḥ Ҋ ᵀ  

 

ᵣ ̆ ₮ ᵀ ҍ [82]Ҭᵀ ̆

[82]Ҭᵀ Ӟ └ 1dBץῤȂ ̆ ᴰ ᵀ ҉

ԅ ̔ ᾢ̆ Ḥ Ҭ № ԍ

№ ҡ ’̕ῒ ̆ ԅ № Ḥ

̆ [82]Ẋ № Ḥ ᴰ ȂῬ ̆ [82]

ѿҩ ↓ ↓ ᴏ ץ ᵀ

̆ ₮ ᴰ ᵀ Ȃ ̆ ₮ ᵀ

Һ Ҭԍ ≢ ₮ ̆ [82] ↕ҹԅ

Ȃ [82]Ҭ ῒ )(tp
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)(tpDC
¡ ̆ ᵬҍ [82] Ȃ 

3.4.2 时变信道环境下仿真结果 

Ҭ̆ Ḥ Ȃҹԅᶏ ᵀ Ḥ

’ ̆ Ḥ ѿ Ḥ ’Ḥ ᴰ ⌠

[78][107]Ȃᵖ ̆ Ḥ ’Ḥ ⌠ ᴪ₮ ѿ ȂẊ

Ḥ ⌠ Ṑ̆ ғ Ḥ ’Ḥ

Ȃ Ӈ ╠ k ᴰ ҉ ≠ ╠ D-k ᶫ

Ḥ Ḥ ᵀ ̆ῒҬD Ȃ 

ᴏ QCIF ↓ coastguard ̆ῒҬ 1 I-VOP̆

ῒז 149 ҹ P-VOP Ḥ̆ №≢ ҹ 96kbps 15 / Ȃ 3.4

№≢ҹ 1̆5̆10 15 ̆ № ҡ

№≢ҹ 2.1% 510-̆ № ҡ

↕ 3.5̂ã ̂b̃ Ȃ ̆ ṿ 1 Ḥ

ᴏ Ȃ׆ 3.4 ₮̆ ⌠ 15̂ ԍ 1 ̃̆

ᵀ ׅ Ḡ ̆ ױ ₮ ΐ Ȃ׆

3.4 ₮̆ Ṝ̆ D ԍ 10̂ ԍ ҹ 15 ̆ ԍ 700

̃̆ ѿ ᵀ ץ ҉ Ḥ Ȃ ҉ ̆ᵀ ╠

kᶭ D-k Ḥ ’̆Ӟ ᵀ k Ḥ Ẋ Ḥ ’

̆≠ D-k № ҡ ᵀ Ȃѿ

̆ ԍ Ḥ ̆ ⌠ Ḥ ’ ץ ╠Ḥ

’ ̆ ̆ᵀ ҩ Ḥ ᴰ ᴪẒ Ȃ

3.4̂ẽ Ҍ ᵀ ̆ ׆ 1 ⌠ 50 ̆

↓ 150 ṿ̆ ₮ ΐ Ȃ 
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3.5 本章小结 

    Ḥ Ҭ № ҡ ̆ ₮ԅѿ

ᴰ ᵀ Ȃ ̆ Ḥ ’Ҋᵀ

Ȃᴏ ̆ Ҍ Ḥ ’̆ ΐ

Ȃ ꜚ ⌠ῒז ԍ ꜚ

ҬȂ 
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4  联合功率率失真优化的快速算法 

4.1 引言 

ꜚ ᵣ Ḥ ⱳ ᴨ ҹ ‗ ᴆ

⅞ [54][59][61]̆ ‗ ῖ Һ ̔ [55]̆

̇ ץ̆[56] ↓ԋ ⅞ [57]̂Sequential quadratic programming , SQP̃ ̆

̆ ֓ ΐ ̆ ץ ꜚ ȂῬ

̆ ֓ ∆ṿ ᴨ ̆ Ҍ Ḡ ῃ Ȃ ̆

ꜚ Ҋ ⱳ ᴨ ΐ ӈȂ 

№ Ἕ Ḥ ⌠ ᴨ ҉̆ ₮ѿ

ᴨ ̆ ҍ ῖ ᵞ Ȃ 

4.2 相关研究工作 

ꜚ ᵣ Ḥ ᴨ ᵬ[54][59][61]Һ ⌠

ץ Ḥ ᴰ Ҋ̆ ᴨ ᶏ ⌠ ᴨȂ ֓ ᵬ

ȁ ץ ᴰ ҉̆ ₮ᴨ ̆

‗ ⅞ Ȃҹԅ ᵞ ̆Lu Xiaoôan ֲ[59]

₮ԅѿ ԍ ᴨ ̆ Ḥ ץ’

ᴨ ̆ Ḥ Ṝ ץ ᴨ

Ḡץ Ȃᵖ ̆ ᵣḤ ̆

ֽֽ Ḥ ̆ Ҭ Ҍ Ḥ

Ȃ ӊ ̆ᴰ ᴨ ̆ SQP ᴨ ᶭ ԍ∆ṿ

̆ Ḡ ⌠ ᴨ ῃ ᴨ [112]Ȃ 

῀№ ῖ ᴨ ̆ ӈ̆

≠ ȁᴨ ץ ῤ ῏ ̆ ѿ ⁞ ᴨ

̆ ⌠ ᵞ Ȃ 

4.3 系统描述 

⌠ Ἕ Ḥ ̆ 4.1 Ȃ ̔JPEG ȁ

RS ȁBPSK └ ȁ ⱳ ȁ ᾥ̂RAKẼ ץ
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Ḥ Ȃ ԍ Ḥ ץ ῀ ἝḤ ̆ҹԅḠ ҩ

ᴨ ̆ ̆ ̆Ẋ №

Ҭ Ȃ 4.1Ҭ ̆ JPEG ȁ

RS ץ ⱳ ̆ ῒᵩ Ҍ Ȃ Ӈ̆ JPEG

ȁRS ץ ⱳ №≢ ̂Quantization 

Parameter, QP̃ qȁ Ḥ Ḡ  t ץ  ⱳ  pȂ Ҭ̆

Ἕ Ḥ ᴨ Ҋ̔ ⌠ Ἕ ᴰ Ҋ̆

Ҍ Ḥ ’ ῀ Ἕ̆ Ḥ ȁḤ Ḡ ץ

ⱳ ̆ᶏ ⌠ Ἕ Ḥ  TE  Ȃ 

 

Ἕ ῀

BPSK 

└

Ḥ

ⱳRS 

BPSK 

ᴰ

RAKEJPEG RS

Ἕ

JPEG 

 

4.1 Ἕ Ḥ  

 

̆ ⌠ Ἕ Ḥ

Ȃ Ҭ Ҍ ̆ ҹῒ

Ҍ ̕ Ҭ ̆ῒ ᴪ

Ȃp ̆ Ἕ Һ └ JPEG ̆

Ҍ ᵬ ̆ ץ JPEG

ҹ Ȃ  _rs codecE  ȁ tE  fixedE №≢ҹ RS ȁ ⱳ

ץ ̆ Ӈ ᴨ ҹ̔ 

fixedtcodecrsT
ptq

EEEE ++= _
},,{

min  (4.1) 

0),()(.. DptDqDts cs ¢+  (4.2) 

0)()( RtRqR cs ¢+  (4.3) 

Ҭ̆ sD ̆ cD ̆ sR   cR №≢ Ḥ ȁḤ ȁḤ ץ Ḥ
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Ȃ 0D   0R ⌠ ץ ᴰ ȂḤ

sD Ḥ cD Ἕ ⌠ ̆ ᴰ ↕ Ḥ sR Ḥ

cR Ȃҹԅ Ḃ ̆ Ҋץ ⌠ ҬҌ

Ȃ 

4.4 优化算法 

4.4.1 系统约束下输入图像的率失真曲线 

ԍ ѿ ῀ Ἕ ̆ῒ ̂R-D̃ Ҍ Ȃ

[113] ᶫԅѿ JPEG Ἕ ̆

ῒ ῀ Ἕ Ȃ [113] ̆ Ἕ R-D

ң ѿѿ ѿ̔ JPEG q Ḥ sR ӊ

̆ ѿ ↕ qҍḤ sD ӊ №̆≢ ҹ )(qRs )(qDs Ȃ

⌠ 0D ᴰ 0R ̆ ץ Ḥ QP

̆ )](),([ 0max0min DqRq Ȃ 4.2 ῀ Ἕ foreman ῒ R-D ̆

4.2̂b̃Ҭ̆ ף ⌠ ̆ ף↕ ᴰ

̆ Ӈ ӊ R-D Ҋ Ȃ ѿ ̆

Ḥ Ḡ ],[ )(m a xm i n m a x0 qRRRR SSS
tt == Ӟ

ê ú00 2/)( RRRnt s-= ̆ῒҬn RS Ҭ ҩ Ȃ 

1 2 3 4
10

-1

10
0

10
1

10
2

/Ἕ  (bpp)   

ṿ

Do= 35dB

Ro = 3bpp

 

̂ã ῀ Ἕ foreman               ̂b̃R-D  

4.2 ῀ Ἕ foreman ῒ R-D  
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4.4.2 系统优化结果的特征 

4.1 Ἕ Ḥ ῀ Ἕ foreman ԅᴏ ̆ ≠

MATLAB Ҭ SQP
[112] ᴨ ̆ ֽױ Ҍ Ḥ

Ḥ ’ Ȃ 4.3̂ã ̂b̃№≢ Ҍ Ḥ ’Ҋ

ᴨ Ḥ ̂Signal Noise Ratio, SNR̃ Ḥ

̂Bit Error Rate, BER Ȃ̃׆ 4.3 ₮̆ ֓ ᴨ

Ḥ ₮ ῤ̆ Ḥ ₮ 7dB ⌠

9.5dB ῤ̆ ↕₮
5102 -³ ⌠

6103 -³ Ȃ 

 

0 10 20 30 40 50 60 70 80 90 100

7

8

9

10

Ḥ ̂m̃
̂ãḤ     

Ḥ
 (

d
B

)

0 10 20 30 40 50 60 70 80 90 100
10

-6

10
-5

Ḥ ̂m̃
̂b̃       

4.3 Ҍ Ḥ ’Ҋ ᴨ Ḥ  

 

   4.1 ̆ Ἕ Ḥ ⱴ῀ RAKE ץ ꜚ

Ҋ Ȃ ir ic №≢ RAKE Ҭ thi ҉ Ḥ

̂Configuration Signal̃ ̂Complex Gaiñ̆פ )(dL Ḥ ҹd

ᴰ ̆ Ӈ Ḥ [61] ҹ: 
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ä
-

=

=
1

0

2)( L

i

ii

n

t
nr cr

P

dLP
S  (4.4) 

Ҭ̆ tP   nP №≢ ⱳ ᵞ ⱳ ̆ nrS

Ḥ Ȃ 

  ,e br Ḥ ̆ └ ԋ └ ᵝ └̂Binary Phase 

Shift Key, BPSK̃̆ ӇḤ [114]ҹ̔ 

, [ ]e b nrQ Sr =  (4.5) 

Ҭ̆ ][xQ ‰ x Ȃפm RS Ҭ ҩ

̆↕Ḥ ҹ 

( )

, , ,

1

1 1 [1 (1 ) ] (1 )
n

m j m n j
m

b c e b e b

j t

n

j
r r r ³ -

= +

å õ
= - - - - -æ ö

ç ÷
ä  (4.6) 

Ҭ̆ ,b cr Ḥ Ȃ                                                                                      

ԍᴰ Ἕ Ḥ ⌠ ̆Ẋ ᴰ

ᶏ Ḥ Ȃ׆

̂4.4̃̂͘4.6̃ ₮̆ ⱳ ⱴ Ḥ Ḡ ᵞ

Ȃᵖ ̆ ױ ԍ Ҍ Ȃ Ḥ ’Ҋ̆

Ḥ ᵞ ̆ⱴ Ḥ Ḡ Ҍ

ȂӞ ̆ ⱳ ⌠ѿ ̆ ᶏ Ḥ

ᵬ Ȃ ѿ ̆ Ḥ Ӟ ≠ԍ ᵞ ⱳ Ȃ ⱴ Ḥ

Ḡ Ӟᴪ ⱴḤ ̆ᵖ Ḥ ҹ ⱴ

ᵞ Ȃ ̆ ԍҌ Ḥ ’ ̆ ᴨ ⱳ Ḥ

Ḡ ̂ ᴰ ̃Ҋ ԍ

ᶏ ⌠ѿҩ Ҭ Ȃ 

̆ 4.3 Ҭ ᴨ ң ≠

ԍ ᴨ Ȃ 0snr
,b cr №≢ Ḥ ’Ҋ ᴨ

Ḥ ̆ ҉ ̆ Ḥ ’̆ ᴨ ⱳ

Ḥ Ḡ Ḥ Ҋץ ᴆ̔ 

0

,

low high

low b c high

s snr s

r r r

¢ ¢ë
ì

¢ ¢í
 (4.7) 
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Ҭ̆ lows highs №≢ Ḥ ṿ ṿ̆ lowr highr ↕№≢

ṿ ṿȂ 

4.4.3 系统参数、优化目标和系统约束之间的关系 

ҹԅ ᵞ ᴨ ̆ Ҭ №

ȁ ᴨ ץ ӊ ῤ ῏ Ȃ 

),( , jii pt )1,1,0,0( , ijii NjMipt ¢¢¢¢¸¸ ѿҩ ̆

Ҭֽ Ḥ Ḡ ⱳ ңҩ Ȃ Ḥ ’̆

ױ ̂4.7̃ ῏ ҩ ̆ ֓ Ҭ ԅ Ḥ

’Ҋ ᴨ Ȃ ֓ Ҍ Ḥ Ḡ

↓̆ 4.4 Ȃ ԍḤ ѿ Ḡ it ̆

ѿҩ ҩҌ Ȃ ̆ it ѿҩ ҩҌ ⱳ ̆

1=iN ̆ it ֽ ѿҩ ⱳ 1,ip ̕ 1>iN ̆ it ҩҌ ⱳ

Ȃ 

 

1,, ii pt
iNii pt ,,...

1,11, -- ii pt
1,11, --- iNii pt...

1,11, ++ ii pt
1,11, +++ iNii pt...

... ......

... ......

1,, ii pt
iNii pt ,,...

2,, ii pt

1,, ii pt

1=iN

1>iN

 

4.4 Ṝ  

 

    ԍ ѿҩ ̆ Ҍ QP ץ

ῃ ȂҊ ᵥ ѿҩ QP ῃ

̆ ᶏ ῃ ̆ ҹ Ṝ

Ȃ 

ѿ ̆ ᵞḤ QP, Ӈ ₮
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Ȃ ’Ҋ̆ ԍ ̆ ᴰ Ḥ

ᴪ ⱴȂ ̆ҹԅ ᵣ ̆ҹ

QP ׆ QP ῤ ṿ Ȃɒ ̆ ԍ ),( 1,ii pt

̆ it ֽ ѿҩ ⱳ 1,ip ῒ̆ ᴆ QP

4.5̂ã Ȃ ̆ 4.5̂ãҬ QP ṿ ̆ Ҋץ

῏ ̔ rkk qqq >>> - ...1 Ȃ ԍ QP ᴰ ̆ Ӈ QP

Ҭ̆ ѿ QPṿ rq ҍ ),( 1,ii pt ῃ ⌠

̆↕ QP Ȃ ԍ it ֽֽ ѿҩ ⱳ ,1ip ̆

Ӈ ),( 1,ii pt rq ῃ min,iE Ḥ

Ḡ it ῃ Ȃ ̆

min,iE ṿֽֽ ҩ ᴨ ѿҩṜ Ȃ 

Ḥ Ḡ it ҩҌ ⱳ ’ȂҌ

),( , jii pt )1( >iN №≢ ⌠ ױ QP ̆ 4.5̂ b̃

Ȃѿ ̆ Ḥ Ḡ Ḥ QP̆ ⱳ ̆

ᴪ ⱴȂ ̆ ),( 1, -jii pt kq ῃ

⌠ ̆ Ӈῒז ⱳ 1, -jip Ҍ

Ῥ QP ̆ Ẋ jiji pp ,1, <- Ȃ Ḥ Ḡ it Ҍ

⌠ QP ̆  
iniE , ̆

⌠ Ḥ Ḡ it ῃ min,iE Ȃ 

kq

01, DDi >

1,, ii pt

...

...

...

min,iE

01, DDi >

1,, ii pt 1,, ii pt

01, DDi ¢

rq1-kq

 

̂ãḤ Ḡ ֽ ѿҩ ⱳ  
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kq

01, DDi > 0, DD
iNi ¢

02, DDi > ...

...1,, ii pt 2,, ii pt
iNii pt ,,

1-kq

01, DDi > ̇02, DDi ¢ ...

...1,, ii pt 2,, ii pt
iNii pt ,,

rq

01, DDi ¢ ̇
02, DDi > ...

...1,, ii pt 2,, ii pt
iNii pt ,,

...

...

...

iNiE , 2,iE 1,iE

min,iE

 

̂b̃Ḥ Ḡ ҩ ⱳ  

4.5  QP  

 

̆ Ṝ min,iE )1( Mi¢¢ ̆ ⌠ ҩ

̆ 4.6 Ȃ Ḥ Ḡ ᴆ̔ Mi ttt <ÖÖÖ<<ÖÖÖ<1 Ȃ

4.6 ⌠̆ ԅ ᴨ ṿ min,rE ’ ̆Ҍ

ṿ min,iE Ḥ Ḡ it ⱴ ⱴȂ ̆ ᴨ

׆ m i n,1E ⌠ min,1+rE Ȃ ̆ҹ Ḥ Ḡ

it )2( Mir ¢¢+ ),( , jii pt QP ҌῬ

Ȃ ̆ ⌠ ⁞ Ȃ 

 

⌠

min,1+rE
min,2Emin,1E

min,2+rE

min,1-rE
min,rE

min,3+rE

1 2 iÖÖÖ
it

1-i 1+i 2+i 3+i ÖÖÖ

iE

 

4.6  
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4.4.4 优化算法描述 

₮ ᴨ ңҩ №̔ № №Ȃ

Ṝ̆ Ҍ Ḥ ’Ҋ Ṝ ),( , jii pt ̆ῒ

4.4.3 Ҭ ̆ ֓Ṝ ꜚ

҉Ȃ 

̆ ꜚ Ҋץ ҩ ᵬ̔ 

Step 1̔ ⌠ ᴰ Ҋ QP ץ Ḥ Ḡ

Ȃ 

   ԍ ῀ Ἕ ̆ ԍ ῀ Ἕ̆ Step 1Ȃ

QP ץ Ḥ Ḡ ץ 4.4.1 ῏ ̆

ҌῬ Ȃ 

  Step 2̔ Ṝ Ȃ 

  Ẋ ̂Base Station̆BS̃ ῀ ̂Wireless Access Point̆WAP̃

ҍ ӊ Ḥ Ȃ Ӈ̆ Ḥ

Ḥ ̂Feedback Channel̃ Ḥ ̂Pilot Channel̃ᴰ ꜚ Ȃ ꜚ

Ḥ Ḥ ̆ ⌠ Ữ Ҭ Ṝ

),( , jii pt Ȃ ̆ ꜚ Step 1 Ḥ Ḡ

ѿ ̆╧ Ҍ ᴆ Ȃ 

   Step 3̔ Ṝ min,iE Ȃ 

   4.4.3 ’̆ ꜚ ῃ

⌠ ̆ ғᶏӊҍ Ḥ Ḡ it

min,iE Ȃ׆ 2t ̆ Ҋץ ᵬ̔ 

    min,min,1 ii EE >- ̆ ̕ 

    min,min,1 ii EE <- ̆↕ ̆ ғ ᵟ ╠ Ҋ 1-i Ȃ 

   Step 4̔ ᴨ Ȃ 

   Step 3Ҭ min,1-iE ╠Ḥ ’Ҋ̆ ⌠

ץ ᴰ Ҋ ̆

ᶃ Ȃ ᴨ ̆ ̆



 

 56 

Ḡץ ᴨ ҊȂ 

4.5 仿真与结果 

ᶭ ₮ ᴨ ᵀȂSQP

╠ ‗ ᴨ ѿ ӊѿ[57]̆ SQP

₮ ᴨ Ȃ 

  ᴏ Ḥ IMT-2000 ᵀ Ҭ ῤⱲῈ Ḥ B
[115]̆

4.1 Ȃ 4.4 ̆ ԍ RAKE Ḥ

̆ ᴏ ֽ Ḥ Ȃ ̆ᴏ

Ḥ ̆ Ẋ ҹ 5 ⌠ 100 ӊ Ȃ 

 

4.1 ῤ̂ⱲῈ ̃ Ḥ  

 

 

Ḥ B 

̂ns̃  ⱳ ̂dB̃  

1 0 0 

2 100 -3.6 

3 200 -7.2 

4 300 -10.8 

5 500 -18.0 

6 700 -25.2 
 

 

   Ἕ QCIF ̂176¦144̃̆Ẋ ᴰ Ἕ 10

̆Ḥ ᴰ ҹ 760.32kbpsȂRS ҹ 127ҩ ̆ ⱳ

ṿ№≢ ҹ 3mw 0.1uwȂ ⌠ ᴰ

№≢ҹ 35db̂ MSEṿҹ 20.5627̃  3 /Ἕ ̂bit per pixel, 

bpp̃Ȃ Ṝ Ḥ ᵞḤ Ḥ №≢ 7dB

9.5dB̆ ↕№≢ ҹ 6104.2 -³ 5102 -³ Ȃ 

4.5.1 算法有效性 

ҹԅ ₮ ᴨ ̆ ₮ ᴨ ᴨ

SQP ᴨ Ȃ ԍ SQP ᶭ ԍ∆ṿ̆



 

 57 

ѿ Ḥ ’Ҋ ̆ Ҍ ∆ṿ̆ ᴨ

ᵬҹ Ḥ ’Ҋ ᴨ Ȃ 4.7 ң҉ץ Ҍ Ḥ ’Ҋ

ᴰ foreman Ἕ ̆ 4.8↕ ױ ᴨ

Ȃ 4.7̂b̃ ₮ ԍ SQP

̆ΐᵣ Ҋ̔ץ SQP ᴨ ҹ ‰̆≠

̂4.8̃ Ȃ 

%100
)(

)()(
³

-
=

dE

dEdE
e

SQP

SQP
 (4.8) 

Ҭ̆ )(dE )(dESQP №≢ Ḥ ’dҊ̆ ₮ ᴨ SQP

ṿȂ 

4.7 ₮̆ Ҍ Ḥ ’Ҋ̆ ₮ ᴨ

ҍ SQP ₮ ̆ ҹ 1.21˿Ȃ

ױ ᴨ Ҍֽ ғ Ȃ ԍ ᴨ Ҍ

̆ ңץ ₮ ᴨ Ҍ ῃ ̆ 4.8 Ȃ 
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4.8 SQP Ҍ Ḥ ’Ҋ ᴨ  

 

4.5.2 计算复杂度 

ᴨ ₱ ȁᴨ ₱ ץ ף

№ ҉ ң Ȃ 

₮ Ҭ̆Step 3 ᵬ Step 1̆2 4 ᵬ

Ȃ ̆ ᴨ Һ Ҭ Step 3 ҉Ȃ ԍ ⌠

₱ ץ ₱ ԅ Step 3 № ᵬ̆ ץ ֓

₱ ⌠ ᴨ Ȃ 

4.2   SQP ҍ ᴨ  

 

 

Ḥ (m) 

SQP  

̂ ) 

₮  

̂ ) 

₱  ₱ ₱ ף   ₱  ף 

5 66 66 6 7 2 ̇ 

8 135 135 22 7 2 ̇ 

10 78 78 5 10 3 ̇ 

12 120 120 12 23 6 ̇ 
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15 67 67 7 9 2 ̇ 

18 214 214 22 7 3 ̇ 

20 194 194 17 26 6 ̇ 

23 75 75 10 26 7 ̇ 

25 55 55 11 36 11 ̇ 

28 50 50 6 50 13 ̇ 

30 97 97 8 52 14 ̇ 

32 226 226 20 9    2 ̇ 

35 200 200 23 11 3 ̇ 

38 155 155 14 23 6 ̇ 

40 56 56 4 7 2 ̇ 

43 255 255 21 17 5 ̇ 

45 149 149 9 40 10 ̇ 

48 96 96 10 16 5 ̇ 

50 83 83 6 29 9 ̇ 

55 83 83 8 34 12 ̇ 

60 100 100 17 66 20 ̇ 

65 172 172 11 44 12 ̇ 

70 244 244 29 50 13 ̇ 

75 47 47 10 47 13 ̇ 

80 155 155 19 46 12 ̇ 

85 156 156 16 97 26 ̇ 

90 205 205 19 172 47 ̇ 

100 62 62 4 134 34 ̇ 

῍ 3595 3595 366 1095 300 ̇ 

ᵬ⁞  ( % )    69.5% 91.7 % 100 % 
 

 

4.2 ᴨ SQP Ҍ Ḥ ’Ҋ̆ ⌠

₱ ȁ ₱ ץ ף ᵬ Ȃ SQP Ҭ ₱ ȁ

₱ ץ ף ᵬ MATLAB ᴆҬ fmincon₱ [7] ṿ

̆ ᴨ ↕ ᴨṿ Ȃ

̆ ԍ 4.7 4.8 ⌠ ᴨ Ȃ׆ 4.2 ₮̆ ₮ ᴨ
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Ḥ ’Ҋ ₱ ₱ ԍ SQP ̆

ғ̆ ₮ ᴨ Ҍ ᴋᵥ ף ᵬȂΐᵣ ̆ SQP ̆ ᴨ

⁞ ⌠ ₱ ̆ ₱ ץ ף ᵬ

ᶛ№≢ҹ 69.5˿̆91.7% 100˿̆ Ӈ̆ ᴨ ᵬ ⁞ ҹ

87.1˿Ȃ׆ ֓ ’ ̆ ᴨ SQP Ȃ 

4.6 本章小结 

Ҭ̆ ױ Ἕ Ḥ ₮ԅѿ ⌠ ᴨ Ȃ

ᾟ№≠ ȁᴨ ץ ῤ ῏ ̆ ⁞

ᴨ ̆ ╠ ‗ ᴨ ӊѿ

SQP ᵞ Ȃ ғ̆ ᴨ ҍ SQP №

Ȃ ԍ Ἕ ᴰ Ҭ̆ ȁ

ꜚ Ḥ ץ Ȃ 
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5  联合不平等差错保护和不平等功率分配的系统资源优化 

5.1 引言 

ᵣ Ḥ Ҭ̆Ҍ ᵣ Ḥ ᴰ Ҍ

̆Ῥ ̆ ԍ ̆Ҍ ᴰ Ӟΐ Ҍ ̆ ̆ҹ

ԅ ≠ Ḥ ̆ ᴰ ᵣ Ḥ Ҍ ᴰ Ḡ

Ȃѿ ̆Ḥ Ḡ ᵞ ᵣḤ Ḥ

Ȃ ᴰ Ҍ Ҍ Ḡ Ḥ Ҍ Ḡ

̂Unequal Error Protection̆UEP̃ ̆Ҍ Ḡ ᴰ

ᴆҊ Ḡ ᵣ [89][116-119]Ȃ ѿ

Ӟ̆ ץ Ҍ ᴰ Ҍ ⱳ Ḡ ̆ Ҍ ⱳ № [85]
 

̂Unequal Transmission Power Distribution̆UTPD Ȃ̃ Ḡ ⱳ

Ҍ ’Ҋ ᵣ Ȃ҉ ң ᴰ

ⱳ ҍ ᵣ ӊ ̆ ױ № Ȃ

ᵥ ԍ ⱳ ᴨ Ҭ̆ Ҍ Ḡ Ҍ ⱳ

№ ѿ ̆ ≠ ΐ ӈȂ 

₮ ⌠ Ἕ Ḥ ҉̆ Ḥ

Ҍ Ḡ ⱳ Ҍ № ̆ ₮ ԍ Ἕ ῐ ̂Region of 

Interest̆ROĨ ᴨ ץ ԍ ⌠ ᴨ ᴨ ̆

№≢ ῒ Ȃ 

5.2 相关研究工作 

ᴰ Ḥ ᴨ ᵬҬḤ №

[29][61]̆ ̆ Ḥ ץ Ḥ

̆Ḥ № ᴰ № ᴨ [29][54][59][61]Ȃ

ᾢ╠ ѿ֓ ᵬᶷ ԍץ ⌠ ᴰ ᵬҹ ̆ ᴨ Ḥ ȁ

Ḥ Ḡ ᴰ ץ̆ ꜚ [29][54][59][61]Ȃ ֓ ᵬ ᴨ

Ԋ ҉ ץ ⱳ Ἕ Ḥ ᴨ Ȃᵖ ̆

֓ ᴨ ᵬҬ ᵣḤ ᴰ Ȃ 
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ҹԅ ≠ ̆ Zhang Qian ֲ[120] №

ᴰ № ̆ Ḥ Ҍ Ḡ Ҋ ARQ └ ̆

₮ԅңҩ Ḥ ᴨ Ȃᵖ ױז̆ ᵬҺ

Ḥ Ḥ ӊ № ̆ ױז ᴨ Ҭ ῀ ᴰ

ⱳ ̆ ֽֽ ԅ ᴨ ȂWei Yu ֲ[88]
 ₮ԅѿҩ JPEG 

2000 Ἕ ᴰ ᴰ ᴨ ̆ ҩ Ҭ ԅḤ ȁ

Ḥ ᴰ ⱳ ᴨ Ȃ ₮ԅ Ҍ Ḥ

Ḡ ץ ᴰ ̆ᵖ ̆ Ἕ Ҍ ₮ ̆

Ḥ ’ ̆ Ἕ ̆ Ἕ ῐ

⌠Ḡ Ȃ 

ᵬ Ḥ Ҍ Ḡ ⱳ Ҍ №

Ἕ Ḥ ⱳ ᴨ Ҭ̆ ᵣ Ḥ Ҍ ᴰ Ḡ

̆ ≠ Ȃ 

5.3 系统框架 

ѿҩ Ἕ Ḥ ̔ ꜚ ҉ Ἕ Ἕ Ҋ ̆

Ἕ ̆ Ἕ ᴰ ⌠ ѿҩ ꜚ ҉Ȃ

Ḥ ѿҩ ⌠ Ἕ Ḥ ̆ 5.1 Ȃ

Ḥ Ҍ № Ḥ Ҍ Ḡ ⱳ Ҍ № Ḥ׆̆

₮ ῒ № ңҩ №̆ ңҩ № Ҍ

Ḥ Ḡ Ҍ ⱳ Ḡ Ȃ Ẋ Ḥ ȁḤ

ⱳ Ҭ ̆ Ӈ №≢

ȁḤ Ḡ ץ ⱳ Ȃ ԍḤ ’ ῀ Ἕ

̆ ֓ Ḡץ̆ ᴨ Ȃ 

₮ ⌠ Ἕ Ḥ Ҭ̆ └ / ȁᵞ

RAKE №Ẋ Ҍ ̆ Ӈ ҹ ֓

Ȃ JPEG ᵬҹḤ ̆ ԍ Ἕ

Ҍ ᵬ ⁞ ̆ J̆PEG Ӟ ҹ Ҍ

Ȃ ̆ ̂BS̃ ῀ ̂WAP̃ ңҩ ꜚ ̆ ԍ

ױ ᶫ ̆ Ҍ ꜚ ̆ ץ Ẋ ױ
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Ҍ Ȃ 

Ḥ
№◓

῀ Ἕ

└
Ḥ

ⱳ

1

ⱳ

2
Ḡ 2

+

Ḡ 1

Ḥ

ᾥ ᵞḤ

Ἕ

ⱳ

Ḡ 2

Ḡ 1

Ḥ

+

 

5.1 ⌠ Ἕ Ḥ  

 

5.4 系统能耗分析 

Ҭ̆ ױ Ḥ׆ ᴰ ң ҩ № Ȃ 

5.4.1 信号处理能耗分析 

ᵍ )2( mGF RS ᵬҹḤ ̆ ҹ ),( knRS ̆ῒҬn k№≢

ҩ Ҭ Ḥ ̆m ҩ Ҭ ̆↕ RS

Ҭ ҩ ê ú2/)( knt -= Ȃ ),( tnx ѿҩ

RS ̆ ҹ[61]̔ 

invaddmult ttnttnttn xxxx 3)26()66(),( 22 ++++=  (5.1) 

Ҭ̆ addx , multx invx №≢ ҹᵍ )2( mGF Ҭ ⱴ ȁӗ ᵬ

Ȃ 

Ḥ ҬҌ № Ҍ Ḥ Ḡ ̆ ҹ 

it ),,2,1( si ÖÖÖ= ̆  ),( itnx  ⱬҹ it ̆ Ӈ

ҩ ῀ Ἕ Ḥ ̔ 

1

( , )
s

rscodec i i

i

E n t Nx
=

= ³ä  (5.2) 

Ҭ̆ iN i № Ḥ Ȃ 
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5.4.2 无线传输能耗分析 

hҹ ⱳ ₮ ̆ῒ ӈҹ ₮ⱳ Ptҍⱳ ῀ⱳ

ṿ̆ h ҹPt ₱ [121]:  

max

max)(
Pt

Pt
Pt hh =  (5.3) 

Ҭ̆ maxPt ⱳ ₮ⱳ Ȃ tR Ḥ ᴰ ̆

Ӈᴰ ҩ ҹ̔ 

)(
)(

PtR

Pt
PtE

t

b
h

=  (5.4) 

Ҭ̆ )(PtEb ᴰ ҩ Ȃ Ӈ̆ᴰ

ᴰ ҬҌ № ̆ ̔ 

i

s

i

ibt NPtEmnE ³ÖÖ= ä
=1

)(  (5.5) 

Ҭ̆ tE ᴰ Ȃ 

5.5 端到端失真分析 

Ἕ№ 5.2 ̆ ԅң ̔

№◓[90]Ȃ ң MPEG-4 H.263 ‰ ̆ ⌠ױ Ἕ

№ Ҭ └ Ҭ Ȃ Ҭ̆Ẋ

Ἕ№ Ḥ Ҭ̆ ԍ Ҭ ѿ ῀ ̆ ҩ№

Ҍ ҩ 8¦8 Ȃ ѿ ̆≠ DC/AC №◓ ҩ

Ἕ№ DC AC № ̆ ≠ԍ ‰

ᵝ Ȃ ԍ ̆ ╠ ᴪ

̆ ⌠Ҋѿҩ ҹ ȂẊ DC Ἕ№ Ḥ

ѿҩ ̆ Ӈ ҩ Ἕ№ ҡ Ȃ № Ḥ DC

̆ AC ̆ Ἕ№ AC ҡ ȂҊ ױ

Ἕ ᴰ ⌠ № Ȃ 
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№ Ḥ DC № DC/AC№◓ AC №

№ 1ҩ

 

5.2 Ἕ№  

 

jiX , jiX ,

~
№≢ Ἕ iҩ 8¦8 j№ ╠

DCT ̆ ̆ ֓№ ֦ № № Ȃԍ j№

⌠ ҹ ])
~

[( 2

,, jijit XXE - ῒ̆Ҭ ][ÖtE ᴰ ’

Ȃ }{ÖbE ѿҩ Ҭ № ̆ iD ἝҬ i

⌠ ̆ԍ  

2

, ,{ [( ) ]} ( [1, ], [0,63])i b t i j i jD E E X X i N j= - Í Í!  (5.6) 

Ҭ̆N ῀ ἝҬ 8¦8 Ȃ 

,b cr Ḥ ̆̓͂ ԍ ,b cr 5.6 Ҭ Ȃ

Ӈ̆ Ἕ№ Ҭ DC Ḥ ѿҩ

 

DCH LL

cbDCHP
+

--= )1(1 ,_ r  (5.7) 

Ҭ̆ HL  DCL №≢ Ἕ№ Ҭ Ḥ DC № ̆ DCHP _

№ Ҭ Ḥ DC Ḥ ₮ ѿҩ Ȃ DCH

iD _ Ἕ

Ҭ i ₮ ⌠ ̆ԍ  

DCHjibjijitb

DCH

i PXEXXEED _

2

,

2

,,

_ *])0[(]})
~

[({ -=-=   

2

, _[( ) ] ( [0,63])q

b i j H DCE X P j= * Í  (5.8) 

ѿ ’̔ Ἕ№ Ҭ Ḥ DC №

̆ AC  DC/AC ѿҩ ̆₮ ’  

, ,(1 ) [1 (1 ) ]H DC M ACL L L L

AC b c b cP r r+ +
= - - -  (5.9) 

Ҭ̆ ML ACL ף≢№ DC/AC AC № ̆ ACP Ἕ

№ Ҭ Ḥ DC ₮ ̆ AC DC/AC ₮ ѿ
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ҩ Ȃ Ӈ ’ ⌠ ҹ̔ 

2 2

, , ,{ [( ) ]} [( 0) ]AC q q q

i b t i j i j b i j ACD E E X X E X P= - = - *!   

2

,[( ) ] ( [1,63])q

b i j ACE X P j= * Í  (5.10) 

Ҭ̆ AC

iD AC ₮ ⌠ Ȃ҉ ң ’

ԑ ̆ ̆ ῀ Ἕ ⌠ ҉ ң ’

̆ ̂5.8̃ ̂5.10̃ ⱴ̆ԍ  

ä
=

+=
M

i

AC

i

DCH

i DD
M

D
1

_ )(
1

 (5.11) 

Ҭ̆M ῀ ἝҬ 8¦8 ̆D ῀ Ἕ ⌠ Ȃ 

5.6 资源优化配置方案 

5.6.1 残留误码率 

  5.1 ₮ Ἕ Ḥ Ҭ̆ RAKE ꜚ Ҭ

̆ Ӈ Ҋץ №ֽ ӊ Ҍ

Ḥ ’ Ȃ ir ic №≢ҹ RAKE Ҭ i ҉ Ḥ

פ̆ )(dL Ḥ ҹd ᴰ ̆ Ӈ Ḥ

[121] ץ ҹ: 

1
2

0

( ) L

nr i i

in

Pt L d
S r c

P

-

=

Ö
= ä  (5.12) 

Ҭ̆ nP L№≢ ᵞ ⱳ RAKE Ҭ

̆ nrS ↕ Ḥ Ȃ 

  ,e br Ḥ ̆ └ ԋ └ ᵝ └̂BPSK̃̆ ӇḤ

[122]ҹ̔ 

, [ ]e b nrQ Sr =  (5.13) 

Ҭ̆ ][xQ ‰ x Ȃ ̆Ḥ ץ

ҹ 

( )

, , ,

1

1 1 [1 (1 ) ] (1 )
n

m j m n j
m

b c e b e b

j t

n

j
r r r ³ -

= +

å õ
= - - - - -æ ö

ç ÷
ä  (5.14) 
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Ҭ̆ ,b cr Ḥ Ȃ 

5.6.2 基于图像感兴趣区域失真最小的资源分配 

̆ Ἕ Ḥ ᴪᴨ Ḡץ̆ Ἕ Ȃᵖ

̆ ԍ ԅ Ḡ ̆ Ἕ Ҍ Ḥ ᴰ

Ȃ Ḥ ’ ԍ ▲ ̆ ἝҬѿ֓

ΐ ӈ ̆ ῐ ̆ ױ Ḡ Ȃ

̆ ̂ ▼ᵩ ᴰ ̃ Ҋ̆ ᵥ

Ḡץ ἝҬ ROI ᴨ ῏ Ȃ 

Ẋ Ἕ ῐ ῏ №◓ [123] ҩֲ

ꜛ ̂Personal Digital Assistant, PDÃץ ᶫ Ώ ΐ Ȃ ᶫ Ἕ

ῐ ⅞ ңҩᴨ ̔ ᾢ̆ Ἕ ῐ ⅞ ≠ԍ

ꜚ ӊ ֜ԑ̕ ԋ̆ Ḥ ҹ Ἕ ῐ ᶫ

Ḡ ̆ᴨ ῒ Ȃ 

╠ ̆ Ḥ Ҍ Ḡ ⱳ Ҍ №

Ҭ Ҍ № Ḡ Ȃ ⱳ 1Pt Ḥ Ḡ 1t

Ἕ ῐ Ḡ ̆ ⱳ 2Pt Ḥ Ḡ 2t ↕Ḡ ῒᵩ

№̆Ӟ №̆ 5.3 Ȃ , 1 1( , )b c Pt tr , 2 2( , )b c Pt tr №≢

Ḥ Ἕ ῐ Ȃ 

( Pt1, t1 )

Ḥ 1
DC

№

DC/AC

№◓

AC 

№
... Ḥ k

DC

№

DC/AC

№◓

AC 

№
...

ῐ № №

Ἕ№ 1 Ἕ№ k

( Pt2, t2 )

 

5.3 Ἕ ῐ № Ḡ  

                    

ROISR _ , BGSR _ , ROICR _ , and BGCR _ №≢ Ҋץ ̔ Ἕ
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ῐ Ḥ ȁḤ ȁ Ḥ Ḥ ȂẊ Ἕ

ῐ Ḥ Ḥ №≢ ҹ ROISD _ ROICD _ ̆ ҩ Ἕ Ḥ

Ḥ ↕№≢ ҹ TOTALSD _ , TOTALCD _ Ȃ פ ROICE _ ROITE _ ף≢№

Ἕ ῐ Ḥ ᴰ ̆ BGCE _ BGTE _ ↕№≢

Ḥ ᴰ Ȃ Ӈ̆ ԍ Ἕ ῐ

№ ҹ̔ 

ROICROISROI DDD
ttPtPtQP

__

2121 },,,,{

min
+=  (5.15) 

0__.. DDDts TOTALCTOTALS ¢+  (5.16) 

0____ RRRRR BGCBGSROICROIS ¢+++  (5.17) 

0____ EEEEE BGCBGTROICROIT ¢+++  (5.18) 

Ҭ̆ 0D , 0R 0E №≢ ⌠ ᵣ Ἕ ȁ ᴰ ץ

Ȃ 

    (5.15)~(5.18) ᴨ ̆ ⌠ ᵣ Ἕ ȁ ᴰ

ץ Ҋ̆ ῀ Ἕץ Ḥ ’̆ Ḥ

QPȁ Ἕ ῐ Ḥ Ḡ 1t ⱳ 1Pt ץ̆

Ἕ Ḥ Ḡ 2t ⱳ 2Pt ̆ Ἕ ῐ

ȂῒҬ̆῏ԍ ץ ᴰ Ἕ ⌠

5.4 5.5 ̆ ҌῬ Ȃ 

5.6.3 基于端到端系统能耗最小的资源分配 

ԍ ꜚ ̆ Ҭ ץ ᾟ ̆

╠ Ҋ̆ ᴨ ⌠ ῏ Ȃ 

Ҭ̆ ⱳ 1Pt Ḥ Ḡ 1t Ḡ Ἕ№ Ḥ

DC №̆ ⱳ 2Pt Ḥ Ḡ 2t Ḡ AC DC/AC

̆ 5.4 Ȃ , 1 1( , )b c Pt tr , 2 2( , )b c Pt tr №≢ ҉ ң №

Ḥ Ȃ 
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( Pt1, t1 )

Ḥ k DC № DC/AC№◓ AC № ...

ҩ Ἕ №

Ἕ№ k

( Pt2, t2 )

...

 

5.4 DC AC Ḡ  

 

SR , _C DCR
_C ACR №≢ Ҋץ ̔Ḥ ҩ

Ἕ Ḥ̆ DC AC Ȃ ҩ Ἕ Ḥ

ҹ SD ̆ _C DCD  
_C ACD ↕№≢ DC № AC № ԍḤ

ᴰ ȂῬפ DCCE _ DCTE _ ף≢№ Ἕ DC Ḥ

ᴰ ̆ ACCE _ ACTE _ ↕№≢ Ἕ AC Ḥ

ᴰ Ȃ Ӈ̆ ԍ ⌠ ᴨ

ҹ̔ 

ACTACCDCTDCCT EEEEE
ttPtPtQP

____

2121 },,,,{

min
+++=  (5.19) 

0__.. DDDDts ACCDCCS ¢++    (5.20) 

0___ DRRRR MHACCDCCS ¢+++  (5.21) 

ῒҬ _H MR Ἕ№ Ҭ Ḥ Ȃ 

(5.19)~(5.21) ᴨ ̆ ⌠ ᴰ

Ҋ̆ ῀ Ἕץ Ḥ ’̆ Ḥ QPȁ Ἕ

ῐ Ḥ Ḡ 1t ⱳ 1Pt ץ̆ Ἕ Ḥ

Ḡ 2t ⱳ 2Pt ̆ ⌠ Ȃ 

̆ ₮ ᴨ ҹ ‗ ᴨ

̆ ᴨ ῖ ⅞ ‗̆ [55]ȁ

̇ ץ[56] SQP
[57] ̆ ≠ MATLAB ᴆҬ SQP

[112]



 

 70 

ᴨ Ȃ 

5.7 仿真结果 

ᵀ ₮ Ἕ Ḥ ᴨ № ̆ ҍ

Ḡ ᴨ Ȃ ԍ Ḡ ᴨ ̆ ԍ ἝҌ

№ Ḥ Ḡ ⱳ Ȃ 

  ᴏ Ḥ IMT-2000 ᵀ [115]Ҭ ῤⱲῈ Ḥ ̆

ᴰ Ḥ Ȃ ╠ 5.6 ̆

Ἕ Ḥ ⱴ῀ԅ RAKE ̆ ץ ֽ

Ḥ Ȃ ױ Ḥ B
[115] ᴏ ̆ 5.1 Ȃ

Ḥ ̆Ẋ ҹ 5 ⌠ 100 ӊ Ȃ 

 

5.1 ῤ̂ⱲῈ ̃ Ḥ  

 

 

Ḥ B 

̂ns̃  ⱳ ̂dB̃  

1 0 0 

2 100 -3.6 

3 200 -7.2 

4 300 -10.8 

5 500 -18.0 

6 700 -25.2 
 

 

ᴏ QCIF ̂176¦144̃̆ Ẋ ᴰ 10 ̆

ҹ 760.32kbpsȂRS ҹ 127ҩ Ȃ ⱳ

ṿ№≢ ҹ 3mw 0.1uwȂ ⌠ ᴰ №≢ҹ

35dB̂ MSEṿҹ 20.5627̃  3 /Ἕ Ȃ Ἕ№ Ḥ

DC/AC №≢ҹ 32 16 Ȃ 

5.7.1 基于端到端系统能耗最小的资源分配方案的性能 

ᴏ Ҭ̆ MATLABҬ ᴨ Ҭ SQP
[112] ᴨ
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̆ Ḡ ₮ ᴨ Ȃᴏ Ҍ Ḥ

’ ῀ Ἕ foreman ԅ ̆ 5.5̂ ã ₮ foreman Ἕ̆ 5.5

̂b̃↕ Ἕ ῐ ⅞№ȂҊ ᴨ Ḡ

Ȃ 

5.6 ҉ ңҩ Ἕ ῐ ׆̆ 5.6

₮̆ Ҍ Ḥ ’Ҋ̆ ₮ Ἕ ῐ

ᴨԍ Ḡ Ȃΐᵣ ̆ ᴰ

’Ҋ̆ ₮ ᴨ Ἕ ῐ

Ḡ 0.78dB̆ ̆ ₮

№ Ȃҹԅ№ ᴨⱷ̆ 5.7 ₮ԅ№≢ ᴨ

Ḡ Ḥ Ȃ 5.6 ̆

Ḥ ⱳ Ḥ Ḡ Ȃ׆ 5.7

₮̆ ₮ ̆ ῐ Ḡ ᵞ̆

↕ Ḡ ̆ ’ ̆ ₮

ꜚ Ḥ ’ Ἕ ῐ ⱳ Ḥ Ḡ

̆ᶏ ҩ № Ȃ 

  

( a ) Ἕ ( b ) ῐ ⅞№ 

5.5  ῀ Ἕ foreman ῐ ⅞№ 
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         5.7  

5.7.2 基于端到端系统能耗最小的资源分配方案的性能 

₮ ԍ ⌠ ᴨ № Ȃ

̆ᴏ Ҭ MATLABҬ SQP
[112] ᴨ

Ȃᴏ ѿ Ҍ ῀ Ἕ Ҍ Ḥ ’Ҋ ᴨ

Ḡ ԅ Ȃҹԅ Ḃ ץ̆ Ḡ

ҹ ‰̆ ⁞ Ȃ iE iEĔ№≢

Ḥ ’ iҊ Ḡ ᴨ פ̆ 0e

ᴨ ̆ԍ  

%100
Ĕ

0 ³
-

=
i

ii

E

EE
e  (5.22) 
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⌠ Ἕ foremanȁakiyoȁstefan football ᴰ №≢

5.8̂a ȁ̃5.9̂a ȁ̃5.10̂ã 5.11̂ã ̆ №≢

5.8̂b ȁ̃5.9̂b̃5.10̂b̃ 5.11̂b̃ Ȃ҉׆ ₮̆ ױ

₮ ᴨ Ҍ Ḥ ’Ҋ ԍ Ḡ ̕ ғ̆

ҍ Ḡ ̆ ₮ ᴰ ҉ Ἕ

№≢ҹ 8.23%ȁ22.31%ȁ26.72% 26.08%̆Ҍ Ἕ

ҹ 20.8˿Ȃ ̆ҍ Ḡ ᴨ ̆ ₮

ᴨ ᵞ Ȃ 
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5.8 Ҍ Ḥ ’Ҋ ᴰ Ἕ foreman  
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5.9  Ҍ Ḥ ’Ҋ ᴰ Ἕ akiyo  
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5.10 Ҍ Ḥ ’Ҋ ᴰ Ἕ stefan  

 

0 20 40 60 80 100

10
-2

10
-1

10
0

                             Ḥ  ( m )              

⌠
 (

 m
 J

 )

0 20 40 60 80 100
0

5

10

15

20

25

30

35

                          Ḥ  ( m )                                             

 (
 %

 )
 

Ḡ

₮

 

(a)                      (b)  

5.11Ҍ Ḥ ’Ҋ ᴰ Ἕ football  

ѿ ̆ ₮ ᴨ ᴰ Ἕ ᴰ

ץ Ἕ Ȃ 5.12̂ã ₮ Ҍ Ḥ ’Ҋᴰ Ἕ stefan

Ȃΐᵣ ̆ ᴨ Ҍ Ḥ ’Ҋ 2.45 

/Ἕ ̆ Ḡ ҹ 2.44 /Ἕ ׆̆ ᵣ ̆

₮ Ḡ 0.05% ᴰ Ȃ ̆ Ἕ stefan

Ҍ Ḥ ’Ҋ 5.12̂b̃ ȂῒҬ̆ ₮ Ἕ

ҹ 35.02 dB̆ Ḡ ↕ҹ 35.04 dB̆ ̆╠
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Ἕ ҉Ҋ 0.41%Ȃ ᵣ ̆ ₮ ҍ Ḡ

̆ ᴰ ץ Ἕ ᴪ Ҋ ̆ᵖ ױ ᴰ

Ἕ Ҋ Ҍ⌠ 1%̆ Ҭ Ҍ Ȃ 

҉ ̆ Ҍ Ḥ ’Ҋ̆ ₮ ҍ Ḡ ̆

ᴰ Ἕ ᵣ ’Ҋ̆ ᵞ ⌠
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5.12 Ҍ Ḥ ’Ҋ ᴰ Ἕ stefan ᴰ  

5.8 本章小结 

    Һ ԅ ⌠ Ἕ Ḥ ᴨ № ᾟ̆№

ԅḤ ȁḤ Ḡ ץ ⱳ ᴰ ȁ ⱳ
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Ἕ ӊ Ȃ ᾢ ₮ԅ ԍ Ἕ ῐ ̆

Ḥ Ҍ Ḡ ⱳ Ҍ № Ȃ Ḡ

Ҍ ’Ҋ̆ Ḥ ’ Ἕ ῐ Ḡ

ⱬ Ȃᴏ ̆ ₮ ҍ Ḡ ̆ Ἕ ῐ

Ȃ ̆ ₮ԅ ԍ ⌠ ᴨ ̆

ԅḤ Ҍ Ḡ ⱳ Ҍ № Ȃ

Ἕ Ҍ № ᴰ Ҍ ᴰ Ḡ Ȃᴏ

̆ҍ Ḡ ̆ Ҍ Ḥ ’Ҋ ᵞ ̆

ᴰ ⱴץ Ἕ Ҋ ̆ᵖ └ ץ˿1

ῤȂ ₮ ᴨ ԍ JPEG ץ Ἕ Ḥ Ȃ 
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6 全文总结与展望 

6.1 全文总结 

ľ ꜚ Ҋ № ⱳ

̂60572063 Ŀ̃ ľ ӈ ḤҬ

̂20040487009 Ŀ̃ ῍ ꜛҊ̆ ꜚ Ҋ ᵣ Ḥ ⱳ ᴨ

ᵀ ԅ ῀ ̆ ̆ Ạ ⇔ ᵬҺ ̔ 

̂1̃ ԍ ᴰ ⌠ ᵀ Ȃ Ḥ Ḥ

ᵀ ҬҺ ԍ № ҡ ̆ ץ ῀

҉ ̆ ̆ᵖ ̆ ץ

Ԋᾢ ᴰ ῤ ץ Ҭ ̆ №

Ҭ ⌠ ҉̆ ₮ԅѿ Ḥ Ḥ

ᵀ ̆ Ḥ Ḥ

ᵀ Ҍ̆ ᴏ̆

Ҍ ↓ Ҍ Ḥ ΐ ‰ Ȃ 

̂2̃ ԍ Ḥ ᴰ ᵀ Ȃ ԑ ᴰ ̆

Ḥ ᴰ ̆

№ ̆ ₮ ԍ Ḥ ᴰ Ḥ ᵀ Ȃ № ᴏ

̆ ԍ ̆ Ḥ ’ ’Ҋ̆

ᵀ ΐ ‰ Ȃ 

̂3̃ Ἕ Ḥ Ҭ ⱳ ᴨ Ȃ ╠ ‗ ⱳ

ᴨ Ẓ ̆ ץ ꜚ ᵣ Ḥ Ҭ

̆ Ἕ Ḥ Ҭ ᴰ Ҋ ⌠

ᴨ ̆ ₮ԅѿ ᵞ ̆

̆ᾟ№≠ ȁᴨ ץ ῤ ̆

ᵞ ᴨ Ȃᴏ ̆ ҍ ╠ ‗ ᴨ

ӊѿ SQP ̆ ᴨ № ̆ ғ

ᵞȂ ̆ Ҍᶭ ԍ∆ṿ ̆ ῃ ᴨ Ȃ 

̂4̃ Ἕ Ḥ Ҭ ⱳ ᴨ Ȃ ╠ ᵣ Ḥ

ⱳ ᴨ Ҭ Ḥ Ҍ Ḡ ⱳ Ҍ
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№ ̆ ץ ῃ ̆ № Ἕ ⌠

Ḥ ҉̆ Ḥ Ҍ Ḡ ⱳ Ҍ ⱳ

̆ ₮ԅңҩ ᴨ ̆ᴏ ̆ ңҩ

ῃ Ἕ Ḥ ᴨ ̆ ғΐ Ḥ Ḥ

Ȃ 

6.2 后续工作展望 

ꜚ Ҋ ᵣ Ḥ ⱳ ᴨ ̆

ֽֽ ῒҬ № ԅ Ȃ Ḥ ᵣ

Ҍ ץ ᵣ Ḥ ⱴ̆ ꜚ ᵣ ḤҬ ⱳ

ᴨ ׅ ҹ ῀ ҍ Ȃ ԍׂ ᵬ̆ Ҋץ ѿ֓

̔ 

̂1̃ ᴰ ᵀ  
[124] ꜚ ҊḠ Ḥ ѿ ̆

MPEG- 4 H.263 ‰ ᶏ [125]Ȃ ԍ

Ḥ ᵀ ≠ ᴰ Ḥ ̆ Ḥ

ᴪ ᴰ ̆ ̂Reversible variable length codes̆

RVLC̃[126][127] ѿ Όᵩ̆p ῒ ᶏ ׆ RVLC

ңҩ ̆ Ȃ ̆ṿ

ᴰ ᵀ ῀ ’̆ғ̆ ╠ ᴰ

ᵀ Ҭ ⌠ ῏ Ȃ 

̂2̃ ԍ ⱳ ᴨ ᵞ  

ᵣ Ḥ ⱳ ᴨ ҹ ‗ ᴨ

̆ ҩ ̆ ⱴ̆ ‗

ῖ ̆ ץ Ҭ Ȃ ̆ ⱳ

ᵞ № Ȃ ₮ Ἕ Ḥ Ҭ ԍ 3ҩ ᵞ

̆ ᵥ ⌠ ᴨ Ҭ ̆ṿ ῀ Ȃ 
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ᾢ ↔ ԇ Ȃ ԍ↔ Ҋ̆ ץ

↔ ֲפ Ȃ ᵝ ̆↔ ҹ ⇔ ԅѿҩ №

̆ Ғҙ ̆ ᴰ Ԋ׆

Ȃ↔ ⱳ ȁ ╠ ȁץ

ⱬ Ҋԅ ┴ ̆ᶏ Ȃ פ ᵹ ↔ Ҥ

᾽᾽ҙҙ ᵬ Ȃ ᵬҬ̆ ץ ᵬҹ ̆ ѿ

ᵬȂ 

ᾣ ȁ ȁ↔ ȁ ȁ ◐ ȁ

◐ ȁ ԇ ῏ ꜛȂ Ḥ ȁ ẫ ȁ↔

₃ ԇ ꜛȂ 

ȁ ֦ȁ ȁ ȁ ȁ ȁ ץ ⱴ

פ ̆ ῍ ԅѿҩ ᵬ ӟ ̆

ԑ ꞉̆ ԑḆ Ȃ ≢ ꜛ ꞉˻ 

ᵣҍ Ḥ ѿ ᵬ ӟ ̔ױ ȁ ȁ ´ᴯȁ

ȁ↔ ȁ ȁ ȁ ȁ ȁ ȁ ῃȁ ȁ ´ȁ ⱱ ȁ

ȁ ȁ ӏȁ ̆ ױז ӟ ҉ ꜛ̆ҍױז

῍ ӟ Ȃ 

ȁ ῑȁ ȁ ȁ ȁ ꞊ȁ ᴯȁ ȁ

ȁ ȁ Ҭ ȁ ´ȁ ȁ ↕ ̆₃ ӟ ᶏ

ӊױ ԅ ̆ ῍ ԅֲ Ҭѿ Ȃ 

ҍ Ḥ ז̆ ῀ Ḥ

̆ ז ᵝ ԇ ҍ ꞉˻ 

ᾞ ̔ ӏȁ↔ ȁ҆ ȁ ȁ ȁ ӈ

ץ ̆ ױז ᵝ ꞉ ˻ 

ױז̆ ԇ ֪ ῏ ѿ ꞉ Ҍ ╠

ꜚⱬȂ ҹԅ ẁ ԅѿ ̆Ῑ ӊ ̆ ץ ˻

̆ ױז ҙ ҍ ץ ҉ ԇ ⱬ
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ꜛ˻ 

̆₃ ץ ѿ ҉ ԇ

̆ᶏ ҙ ≠ ˻ ֓ ̆ ҍ ѿ № ̆№

֣ ᵬ ӏ ̆ ˻ 

̆ ԋ ԋ Ҭ̆ ꜛ ȁ
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