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城市干道交通信号协调控制仿真优化
孙剑，刘好德，李克平

（同济大学道路与交通工程教育部重点实验室，上海 200092）
摘要:针对传统方法在干道协调控制输入假设、模型建立及优化指标计算方面存在的典型问题，提出了基于仿真优化的城市干道协调控制优化方法，研究了仿真优化的集成框架及基于模拟退火拉伸思想的改进遗传算法的城市干道协调控制相位差优化设计方法，应用Visual Basic编程语言通过VISSIM组件对象模型接口建立了基于微观仿真的干道协调控制自动仿真优化模型。最后以上海市黄兴路干道协调控制为例，在以延误为优化指标运用改进遗传算法进行优化过程中，发现油耗、排放（NOx、CO）以及停车次数指标变化趋势基本一致，以延误为优化指标与其他优化指标的计算结果并无明显差异。
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Simulation Optimization for Urban Arterial Coordinate Control
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Abstract: The typical problems of traditional methods for urban arterial coordinate control such as input hypothesis, model establishment and Performance Indicators calculation were pointed out. An urban arterial coordinate control Simulation Optimization (SO) model and techniques were put forward in the paper, including the SO integrated framework and an Improved Genetic Algorithm (IGA) based Simulated Annealing Extending for offset optimization and the SO platform using the Visual Basic programming language and the Component Object Model (COM) interface based on micro simulation model VISSIM. A three-intersections VISSIM test bed was developed to evaluate the performance of the proposed SO-based arterial coordinate control in Huangxing road under the condition of optimization indicator was average delay. The results show that the fuel consumption, stop times and emission (NOx, CO) curve changing trend is similar with delay and there are no statistics differences for the offset optimization values under different optimization Indicators. 
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城市干道协调控制的传统设计方法通常有2种：其一是图解法，其二是数解法。图解法是在时间――距离图上通过几何的方法来得到近似解；而数解法则是通过寻找使得系统中各实际信号距理想信号的最大挪移量最小的相位差来获得最优控制方案。这2种方法原理简单，使用较广[1]。自20世纪末以来有很多学者提出改进的基于解析模型的交叉口干道协调控制及其求解方法，其中最著名的是J.D.C Little提出的Maxband协调控制模型，对给定周期时长、绿信比、信号间距和连续通行车速，优化相位差以获得最大带宽，并提出了混合整数线性规划求解方法[2]；Gartner等人在基于Maxband的基础上研究了Multiband模型，克服了Maxband带宽不变的不足，其带宽与交通需求变化相对应[3]；常云涛等分析了车辆在交叉口的驶离到达模式，并建立了以Webster延误为优化指标的遗传算法求解方法[4]；自动控制专家也分别提出了递阶模糊控制、模糊神经网络控制等智能优化方法[5]。上述方法面临以下问题和挑战：
（1）交通系统是一个随机、时变、动态复杂系统，影响干道协调控制方案实施效果的主要因素有:车辆速度、车流的离散性、相交道路的转弯车流、混合车流干扰以及车辆到达的不均匀性。传统数学解析方法很难全面考虑各种影响因素，所求出的参数解并不能保证得到好的实际协调控制效果，如果处理不当甚至会导致协调控制的完全失败。
（2）诸多优化指标如延误、停车次数及排放等很难直接测得，一般是通过解析模型计算，但在混合交通流情况下误差较大。
（3）包括TRANSYT和SCOOT等系统在内的很多协调控制系统，其优化目标都是以延误、停车次数等为核心的PI（performance index）值，近年来，随着对环境、能源的重视，优化指标又加入了油耗和排放等[6]。以延误单指标和综合指标分别得出的相位差优化方案是否具有统计上的差异性值得研究。
（4）考虑到解析模型计算评价指标的误差，有的学者应用仿真模型对协调控制效果进行评价，但往往是凭个人经验通过枚举对备选方案进行逐一验证，搜索目标不明确，无法给出问题的最优或近优解，当试验方案较多时，该方法变得极其复杂，甚至无法实现[7]。

针对上述问题，基于近年兴起的仿真优化方法[8]，首次提出协调控制的仿真优化模型：以VISSIM为平台建立了研究对象的微观仿真模型，通过仿真模型的COM（component object model）接口二次开发，运用启发式算法实现了自动化的干道协调控制相位差优化。
1 仿真优化（simulation optimization）
    仿真是对现实世界的过程或系统随时间运行的模仿。仿真优化(simulation optimization)研究基于仿真的目标优化问题，即基于模型仿真器(simulator)给出的输入输出关系(性能)，通过优化算法(optimization algorithm)得到最佳的输入量。仿真优化可描述如为系统的输入变量与输出关系满足式（1）。
Y = f ( x1 , x2 , ⋯, xm , xm +1 , ⋯, xn )    (1)
其中前m个输入变量为可调整变量，即系统的控制变量。输入变量中存在随机变量，仿真优化的目标是寻找一个控制变量的组合，使输出变量最优，如式（2）所示。
Y= max(min) E[ f ( x1 , x2 , ⋯, xm , xm +1 , ⋯, xn ) ]  (2)
当然,可以将式（1）、式（2）扩展到多目标优化。可见仿真优化问题是组合优化中的一类问题，在制造系统、供应链管理等领域都得到广泛的应用[8]。仿真优化具有如下特点与难点：①系统的输入变量与输出变量之间不存在解析表达式，只能通过仿真来描述；②由于随机变量的存在，一次仿真仅给出对应于某一输入的输出样本值；③仿真过程较费时，且缺少与优化模块的合理接口，导致整个优化过程很慢；④当控制变量的组合空间很大且存在多极值时，难以实现全局优化。上述难点是仿真领域研究的热点问题，2000年，世界著名的2本仿真书籍《Simulation modeling and analysis》与《Discrete event systems simulation》首次将仿真优化作为一个专题进行讨论[9]。
根据仿真优化原理，仿真优化过程模型如图1所示。
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图1 仿真优化方法原理图
Fig.1 Principles of simulation optimization 
首先由优化算法产生初始解（决策参数），然后将其输入仿真模型中，仿真运行结束输出响应值（性能指标），通过数据转换接口将其反馈到优化算法中，作为优化算法确定新一轮搜索方向的依据，并将搜索结果重新输入仿真模型。上述过程反复进行，直至满足预先设定的终止条件。按照Boesel等人提出的仿真与优化集成思想[10]，上述过程可分为6域。
(1) 算法域。仿真系统的优化算法库的建立及各种算法描述。
(2) 接口域。从事优化模块与用户及仿真模型的接口。
(3) 问题描述域。从事对目标函数和约束的构造。
(4) 分类域。依据求解问题规模和决策变量性质等对给定问题进行分类。
(5) 策略域。致力于仿真优化的使用来做到最高效的计算资源利用。
(6) 智能域。根据所研究的领域问题知识选择适当的优化策略和方法。
微观交通仿真模型的开发，使得复杂交通系统通过个体的模拟得以再现，因而基于仿真的优化成为可能，但是仿真优化作为概念和交通系统的优化应用在已有文献中并未见到论述。笔者基于仿真优化原理，首次以城市干道协调控制相位差优化为例研究了基于微观交通仿真模型的仿真优化。 
2 基于VISSIM的干道协调控制优化
城市交叉口信号协调控制是指一条主干道中若干个连续交叉口交通信号间的协调控制，又称为“绿波带”控制。相位差是干道交叉口信号协调控制的一个重要控制变量，协调控制配时参数优化主要体现在相位差的设计上[11]。
2.1 干道协调控制仿真优化模型

按照图1仿真优化方法和仿真优化“6域”集成思想，对基于微观仿真的协调控制而言，问题域描述的是如何在各个协调控制交叉口相位差可行域中找到使得性能指标（延误）最小的相位差组合；接口域以VISSIM作为仿真模型工具，通过其COM模型开发仿真模型与优化模型接口；策略域用于提高协调控制组合优化的计算效率和鲁棒性；算法域提供对问题域进行优化的模块；由于本研究只进行协调控制仿真优化研究，对分类域和智能域不再赘述。因此优化程序共分3个模块：仿真器模块、优化模块以及控制模块。
微观仿真器模块在控制模块控制下基于VISSIM运行，初始按照解析法确定共同周期、单个路口的配时方案和路口之间的相位差。仿真计算路网车辆的车均延误、Nox与CO的排放指标、油耗以及停车次数。

优化模块为程序的核心模块，其功能是根据适应度函数计算仿真结果的指标变化趋势，调整搜索的方向与步长，进而逐步搜索相位差的取值。

控制模块是程序的中枢，可通过人机接口进行问题描述域的决策变量输入；协调微观仿真器和启发式优化模块的运行，完成两者的数据交换和计算；并最终实现仿真结果的分析。

2.2 仿真模型――VISSIM
使用仿真模型是德国PTV公司的VISSIM（5.1版）仿真软件。仿真模型基于时间步长和驾驶员行为，系统核心仿真模型--车辆跟踪模型采用德国Karlsruhe大学Wiedemann教授的“心理--物理跟车模型”，模型建立在驾驶员反应行为之上。VISSIM可对影响行驶环境的各种因素进行建模表达，经过校正的仿真模型精度和可靠性都较高。VISSIM模型提供了外部程序接口COM，因此使得外部程序实时动态调用VISSIM成为可能。

2.3 优化算法――改进遗传算法
目前常用的仿真优化方法包括如下几类：基于梯度的方法、随机优化方法、响应曲面法、统计方法和启发式方法等，其中每类都包括多种方法[9]。在各类方法中，对混合交通环境下干道协调控制优化问题，非启发式方法一般需要大量的理论假设，计算复杂、稳健性差，算法性能随求解问题规模的增大迅速下降。启发式方法则可以避免上述弊端，除此之外，它还可以实现全局优化，并且能够解决离散、定性决策变量问题，因此Boesel等曾指出没有启发式方法的应用就没有仿真优化的发展[10]。
启发式算法是以一定的直观基础构造的算法，利用“人工智能”理论智能地在解空间中寻找最优解，不需要目标函数可导，因此在交通系统分析与优化中得到了广泛的应用。
针对简单遗传算法(simple genetic algorithm, SGA)存在的遗传早熟与进化后期收敛速度缓慢的典型缺陷，笔者曾运用遗传模拟退火算法(genetic simulated algorithm, GSA)对VISSIM软件核心模型参数进行过校正研究，结果表明，较之SGA算法，改进后的遗传算法IGA(improved genetic algorithm)在同样满足种群选取时的多样性条件下，改进的遗传算法限于局部最优的机会更小，且收敛速度更快[12]。笔者针对SGA存在上述典型缺陷，采用在遗传选择过程中引入模拟退火拉伸方法对SGA进行改进，作为仿真优化的优化算法模块。实现步骤如下。
2.3.1参数选择和初始化

(1) 编码。首先，将决策变量编码为二进制串。本文研究的变量是3个路口之间的双向相位差，属于单参数问题。根据干道路段的实际距离，在初始相位差
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，设置二进制编码长度为4，第1位用于标识正负方向，后3位代表时间的相位差调整至，可以算得优化解空间为n4=154=50625。
(2) 初始种群。确定种群规模（
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条染色体），这一过程相当于在优化解空间中随机选择
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(3) 参数选择。确定交叉概率
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条染色体发生变异。

2.3.2种群的适值计算
以VISSIM模型仿真输出的指标（平均延误、排放、停车次数等）作为适应值f，测定染色体对目标的适应性。同时记录对应相位差方案下的Nox、CO排放指标、以及停车次数等评价指标值。需要指出的是，为了保证仿真结果的稳定性，每次选取5个不同的随机数种子运行VISSIM，然后对输出的评价指标取均值作为染色体的适应值。
2.3.3遗传操作产生后代

(1) 选择（selection）。遗传算法在运行早期个体差异较大，当采用传统的轮盘赌方法时，后代产生的概率和适配值大小成正比。这样会使遗传算法早期优秀个体的后代充斥整个种群，极易造成早熟现象。而在遗传算法后期，适配值趋于一致，优秀个体在后代中优势不明显，使整个种群进化速度趋于停滞。引入Paul L. Stoffa提出的适值模拟退火拉伸方法解决这一问题，该方法实际上是源于另一种启发式搜索算法，即模拟退火（simulated annealing）算法[13]。具体做法是：

步骤1：计算某一代群体中某个染色体被复制产生下一代的概率Pi 
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式中：Pi 为第i个染色体的选择概率；
      C, D 为正值的参数；
      fi 为第i个染色体的适值；
      T为当代温度；
      N为种群染色体个数；

      T0 为初始温度；
      k为降温速率，取值0.9;

      g为遗传迭代序号。
步骤2：计算各染色体的累计概率qk
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步骤3：在[0,1]区间内产生一个均匀分布的随机数r。如果r ( q1，则选择第①个染色体进行复制；如果qk-1 < r ( qk，则选择第r个染色体。循环N次，产生下一代种群。

通过上述方法进行选择操作，当GA前期温度较高时，适值相近的个体产生后代的概率相近；而随着温度的不断下降，适值相近的个体被选择复制的概率差异放大，从而使优秀的个体优势更为明显。这样可以同时在很大程度上避免GA前期早熟和后期进化缓慢等问题。
(2) 交叉（crossover）。采用双亲遗传法。方法为：对于随机从种群中选出的某对染色体，按交叉概率Pc随机地在其上选择一个断点，交换双亲上断点的右端，生成新的后代。

(3) 变异（mutation）。遗传算法实现变异是赋予每个基因一个相对较小的变异概率Pm。通过随机模拟决定该基因是否变异（“1”变为“0”，“0”变为“1”）。Pm过小使解有一定的局限性，遍历性较差。变异概率较大使得进化的随机性增大，不容易得到稳定的解。因此，变异概率的确定应慎重。

2.3.4中止条件的判断

采用固定代数加判断种群是否已经成熟并不再有进化趋势组合作为中止条件。即在达到最大代数前判断连续几代个体平均适值是否已不变或变化值小于某个极小的阈值。

基于改进遗传算法的干道协调控制流程如图2所示。
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图2 基于改进遗传算法的协调控制仿真优化

Fig.2 simulation optimization for coordinate control based on IGA

3 测试区域和仿真模型
3.1 测试区域
研究区域为上海市黄兴路（国定路―国顺路―国权路）沿线3个关键交叉口的协调控制，根据调查的高峰小时机动车、公交车、自行车及行人流量和渠化设计方案，建立区域模型如图3所示。
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图3 研究区域仿真模型

Fig.3 Simulation model testing area
3.2 信号配时方案
从有利于协调控制出发，在应用直行同放、左转同放的传统相位方式外，也应用南、北进口的直左同放相位，利用信号配时软件CROSSIG计算周期和绿间隔矩阵，得到3个交叉口共用周期为150s，信号配时方案如表1所示。其中右转不受控制，非机动车和行人与机动车同相放行，在支路存在禁行流向。
表1 黄兴路3个路口配时方案表

Tab.3 3 intersections signal timing along huangxing road 

	流向
	国定黄兴路口
	国顺黄兴路口
	国权黄兴路口

	
	绿启
	绿末
	绿启
	绿末
	绿启
	绿末

	北进口直
	45
	90
	84
	137
	84
	22

	北进口左
	72
	92
	85
	115
	14
	24

	东进口直
	96
	147
	26
	79
	28
	77

	东进口左
	116
	9
	25
	42
	
	

	南进口直
	14
	67
	119
	21
	84
	9

	南进口左
	15
	41
	142
	22
	
	

	北进口直
	96
	111
	45
	79
	27
	78

	北进口左
	2
	10
	
	
	
	


3.3 结果分析
3.3.1 IGA算法分析

将研究测试区域放入仿真优化模块，其运行如图4所示。分别利用SGA（不进行模拟退火拉伸）和IGA进行多次仿真。其中SGA算法测试结果部分为早熟解，未达到全局最优；SGA合理的测试结果与IGA算法的收敛图如图5所示。从图5可以看出，改进遗传算法IGA较通用遗传算法GA收敛速度更快；分别取不同的算法参数对其进行灵敏度测试，结果表明：与SGA一样，IGA随着种群数量的增大寻优效果佳（图6）。需要指出的是本文解空间选取的相位差方案为离散性的，进行选择、交叉、变异后可能会造成方案PI值的一些波动，但是总体的趋势是下降的。进化后期，由于解空间的染色体对应的遗传适应值已找不出更优的方案，要么以同样的解继续进化，要么随机性的跳跃往复，因此选取了进化的极值作为最终的方案。
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图4 仿真优化控制器运行图
Fig.4 Running diagram of simulation optimization controller 
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图 5改进遗传算法与简单遗传算法收敛变化图
Fig.5 Comparisons between IGA and SGA convergence diagram 
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图 6 不同种群下平均车辆延误变化图
Fig.6 Average delay variation diagram under different population

3.3.2 仿真优化结果分析

从图6可以看出，通过改进的遗传算法50代的优化计算，车均延误从54.29s减为51.7s，在仿真高峰小时内，车辆总延误减少0.5h。图7为以延误为优化指标运用IGA算法进行优化过程中的油耗、排放（NOx、CO）以及停车次数指标变化趋势。需要指出的是4个指标经过与延误的归一化处理，各指标的计算是由VISSIM仿真模型计算所得。曲线之间的欧式距离计算表明，5条曲线变化一致。
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 图 7 以延误为指标优化过程中其他指标变化趋势图
Fig.7 Other indexes tendency chart during delay optimization
4 结论

应用基于仿真优化的方法研究了协调控制交叉口相位差优化设计问题，设计了改进遗传模拟退火优化模型和算法，并以上海市黄兴路3个路口的协调控制为例验证了基于仿真优化的交通系统优化可行性和有效性。得到的主要研究结论如下：

（1）除传统的图解法、数解法以及结合法外，基于仿真的协调控制相位差优化可更准确地反应现实世界的交通环境，评价指标计算也更科学合理。
（2）对交通系统这种具有混合类型决策变量的仿真优化问题，非启发式方法一般需要大量的理论假设，计算复杂、稳健性差，算法性能随求解问题规模的增大迅速下降，因此启发式方法是对上述问题进行求解的有效方法，包括本文设计的遗传模拟退火算法和禁忌搜索等。

（3）以延误为优化指标运用IGA算法进行优化过程中的油耗、排放（NOx、CO）以及停车次数指标变化趋势基本一致。因此以延误为优化指标与其他指标的优化结果并无明显差异。
针对本文的仿真优化问题，需耗费一定的计算时间资源，目前的成果还较难直接应用于在线方案优化，但提供了一种基于仿真的优化方法和思路。进一步的研究是结合典型交通系统的优化问题，按照“6域”仿真集成优化框架和软计算方法，开发通用型仿真优化系统，如在VISSIM模型基础上开发（可变诱导板布局、公交排班调度、交通模型参数校正等）优化模块。
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Sheet1

		ID		SumFitness		AveFitness				OptPopNo		solution		Nox		CO		Fuel		StopNum

		4		1673.569		55.78563		54.288		2		7#5#1#1#		31.733		7.941		19.887		1.122

		12		1675.806		55.8602		54.264		15		0#-7#2#1#		31.786		7.959		19.924		1.076

		13		1677.669		55.9223		54.19		24		0#-7#2#1#		31.832		7.959		19.914		1.081

		23		1674.472		55.81573		54.05		12		5#7#2#0#		31.822		7.938		19.878		1.05

		27		1674.19		55.80633		54.061		1		0#1#2#-1#		31.701		7.938		19.825		1.045

		5		1663.79		55.45967		53.733		26		5#5#0#1#		31.747		7.929		19.779		1.049

		8		1699.287		56.6429		53.773		11		5#5#0#1#		31.709		7.923		19.755		1.052

		9		1686.973		56.23243		53.753		1		5#5#0#1#		31.641		7.923		19.787		1.045

		10		1709.578		56.98594		53.907		15		5#5#0#1#		31.634		7.905		19.833		1.041

		11		1679.731		55.99103		53.981		8		5#5#0#1#		31.63		7.903		19.741		1.037

		19		1707.769		56.92563		53.907		26		5#5#0#1#		31.681		7.921		19.83		1.033

		20		1700.488		56.68293		53.773		20		5#5#0#1#		31.635		7.889		19.784		1.032

		21		1705.04		56.83467		53.743		25		5#5#0#1#		31.549		7.889		19.702		1.023

		34		1721.883		57.3961		53.981		26		5#5#0#1#		31.544		7.883		19.656		1.03

		24		1679.865		55.9955		53.397		4		5#1#3#0#		31.482		7.862		19.688		1.023

		25		1675.601		55.85337		53.471		26		5#1#3#0#		31.515		7.863		19.726		1.027

		6		1694.956		56.49854		53.487		10		1#5#1#1#		31.402		7.86		19.638		1.037

		26		1668.983		55.63277		53.678		7		0#1#2#0#		31.436		7.842		19.631		1.027

		30		1681.322		56.04407		53.618		15		0#1#2#0#		31.39		7.854		19.585		1.017

		31		1715.543		57.18477		53.47		9		0#1#2#0#		31.411		7.846		19.615		1.024

		37		1703.709		56.7903		53.336		7		0#1#2#0#		31.331		7.835		19.548		1.029

		3		1679.965		55.99883		53.33		14		6#1#-5#-3#		31.321		7.843		19.588		1.018

		36		1711.23		57.041		53.421		14		4#-1#2#0#		31.312		7.84		19.577		1.016

		2		1667.631		55.5877		53.24		11		2#-2#1#2#		31.347		7.832		19.535		1.013

		1		1704.457		56.81523		53.35		10		-1#1#-5#-3#		31.35		7.84		19.535		1.014

		7		1698.909		56.6303		53.496		0		7#5#-4#-4#		31.346		7.839		19.581		1.008

		18		1687.074		56.2358		53.154		4		7#1#-4#0#		31.352		7.829		19.578		1.018

		41		1718.5		57.28333		53.111		3		4#5#-5#0#		31.334		7.837		19.527		1.008

		0		1694.859		56.4953		53.046		14		-5#2#-6#-4#		31.34		7.837		19.573		1.013

		14		1699.879		56.66263		52.969		17		-1#-5#2#1#		31.344		7.829		19.563		1.004

		15		1683.821		56.12737		52.979		8		-1#-5#2#1#		31.298		7.836		19.573		1.008

		22		1672.08		55.736		53		1		7#-7#-4#-1#		31.292		7.818		19.615		1.018

		29		1674.572		55.81907		52.767		1		1#5#4#1#		31.338		7.826		19.569		1.008

		33		1696.635		56.5545		52.767		18		1#5#4#1#		31.299		7.826		19.545		1.012

		28		1701.191		56.70637		52.775		21		0#1#4#0#		31.299		7.826		19.499		1.002

		16		1683.978		56.1326		52.811		20		1#5#2#2#		31.253		7.826		19.545		1

		38		1713.456		57.1152		52.224		16		0#1#0#0#		31.253		7.818		19.535		0.999

		43		1732.588		57.75293		52.108		19		4#3#1#0#		31.299		7.826		19.499		0.992

		44		1732.672		57.75573		52.128		18		4#3#1#0#		31.296		7.808		19.545		0.998

		32		1707.542		56.91807		51.944		4		7#1#0#0#		31.289		7.808		19.535		0.993

		35		1729.723		57.65743		52.018		18		7#1#0#0#		31.253		7.816		19.531		0.998

		39		1705.332		56.8444		52.031		8		4#0#0#0#		31.259		7.812		19.527		0.989

		40		1750.889		58.36296		52.131		23		4#0#0#0#		31.263		7.798		19.53		0.997

		17		1703.039		56.76797		51.927		19		5#1#-4#0#		31.188		7.787		19.475		0.986

		42		1732.032		57.7344		51.848		4		4#1#2#0#		31.174		7.783		19.421		0.982

		45		1741.123		58.03743		51.728		27		4#1#2#0#		31.155		7.779		19.407		0.98

		46		1746.8		58.22667		51.727		13		4#1#2#0#		31.152		7.777		19.405		0.98
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		ID		SumFitness		AveFitness		OptFitness		OptPopNo		solution		Nox		CO		Fuel		StopNum

		4		1673.569		55.78563		54.088		2		7#5#1#1#		31.364		7.849		19.725		1.114

		12		1675.806		55.8602		54.064		15		0#-7#2#1#		31.385		7.882		19.789		1.068

		13		1677.669		55.9223		53.812		24		0#-7#2#1#		31.431		7.867		19.765		1.068

		23		1674.472		55.81573		53.851		12		5#7#2#0#		31.421		7.830		19.743		1.036

		27		1674.19		55.80633		53.862		1		0#1#2#-1#		31.301		7.846		19.663		1.035

		5		1663.79		55.45967		53.358		26		5#5#0#1#		31.284		7.837		19.631		1.043

		8		1699.287		56.6429		53.575		11		5#5#0#1#		31.247		7.831		19.594		1.043

		9		1686.973		56.23243		53.378		1		5#5#0#1#		31.242		7.847		19.639		1.043

		10		1709.578		56.98594		53.531		15		5#5#0#1#		31.235		7.829		19.685		1.039

		11		1679.731		55.99103		53.605		8		5#5#0#1#		31.294		7.811		19.566		1.027

		19		1707.769		56.92563		53.708		26		5#5#0#1#		31.282		7.845		19.668		1.015

		20		1700.488		56.68293		53.398		20		5#5#0#1#		31.173		7.797		19.650		1.015

		21		1705.04		56.83467		53.545		25		5#5#0#1#		31.089		7.813		19.569		1.025

		34		1721.883		57.3961		53.078		26		5#5#0#1#		31.209		7.807		19.482		1.009

		24		1679.865		55.9955		53.226		4		5#1#3#0#		31.023		7.771		19.527		1.021

		25		1675.601		55.85337		53.098		26		5#1#3#0#		31.180		7.772		19.579		1.021

		6		1694.956		56.49854		53.289		10		1#5#1#1#		31.068		7.753		19.478		1.020

		26		1668.983		55.63277		53.304		7		0#1#2#0#		31.040		7.751		19.457		1.021

		30		1681.322		56.04407		53.320		15		0#1#2#0#		30.994		7.763		19.452		1.014

		31		1715.543		57.18477		53.097		9		0#1#2#0#		30.953		7.770		19.455		1.018

		37		1703.709		56.7903		52.964		7		0#1#2#0#		31.060		7.728		19.375		1.012

		3		1679.965		55.99883		53.133		14		6#1#-5#-3#		30.926		7.752		19.428		1.005

		36		1711.23		57.041		53.224		14		4#-1#2#0#		30.917		7.749		19.417		1.002

		2		1667.631		55.5877		52.869		11		2#-2#1#2#		30.890		7.741		19.362		1.003

		1		1704.457		56.81523		53.153		10		-1#1#-5#-3#		30.893		7.733		19.376		1.012

		7		1698.909		56.6303		53.098		0		7#5#-4#-4#		30.889		7.748		19.448		0.998

		18		1687.074		56.2358		52.959		4		7#1#-4#0#		31.019		7.754		19.445		1.016

		41		1718.5		57.28333		52.741		3		4#5#-5#0#		30.939		7.746		19.354		1.002

		0		1694.859		56.4953		52.676		14		-5#2#-6#-4#		30.945		7.746		19.427		0.996

		14		1699.879		56.66263		52.600		17		-1#-5#2#1#		30.887		7.754		19.390		0.994

		15		1683.821		56.12737		52.784		8		-1#-5#2#1#		30.903		7.745		19.400		1.006

		22		1672.08		55.736		52.631		1		7#-7#-4#-1#		30.897		7.727		19.468		1.004

		29		1674.572		55.81907		52.573		1		1#5#4#1#		30.881		7.735		19.396		0.995

		33		1696.635		56.5545		52.399		18		1#5#4#1#		30.966		7.735		19.399		1.006

		28		1701.191		56.70637		52.480		21		0#1#4#0#		30.842		7.735		19.367		0.996

		16		1683.978		56.1326		52.443		20		1#5#2#2#		30.921		7.735		19.399		0.991

		38		1713.456		57.1152		52.031		16		0#1#0#0#		30.921		7.727		19.389		1.001

		43		1732.588		57.75293		51.916		19		4#3#1#0#		30.843		7.720		19.367		0.986

		44		1732.672		57.75573		51.936		18		4#3#1#0#		30.901		7.717		19.399		0.992

		32		1707.542		56.91807		51.783		4		7#1#0#0#		30.894		7.702		19.362		0.987

		35		1729.723		57.65743		51.656		18		7#1#0#0#		30.797		7.725		19.372		0.985

		39		1705.332		56.8444		51.668		8		4#0#0#0#		30.865		7.721		19.354		0.976

		40		1750.889		58.36296		51.668		23		4#0#0#0#		30.867		7.720		19.354		0.974

																						17		1703.039		56.76797		51.478		19		5#1#-4#0#		30.764		7.697		19.249		0.975

																						42		1732.032		57.7344		51.230		4		4#1#2#0#		30.812		7.693		19.195		0.971

																						45		1741.123		58.03743		51.112		27		4#1#2#0#		30.793		7.689		19.181		0.969

																						46		1746.8		58.22667		51.111		13		4#1#2#0#		30.728		7.687		19.180		0.969
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Sheet1

		ID		SumFitness		AveFitness				OptPopNo		solution		Nox		CO		Fuel		StopNum

		4		1673.569		55.78563		54.288		2		7#5#1#1#		31.733		7.941		19.887		1.122

		12		1675.806		55.8602		54.264		15		0#-7#2#1#		31.786		7.959		19.924		1.076

		13		1677.669		55.9223		54.19		24		0#-7#2#1#		31.832		7.959		19.914		1.081

		23		1674.472		55.81573		54.05		12		5#7#2#0#		31.822		7.938		19.878		1.05

		27		1674.19		55.80633		54.061		1		0#1#2#-1#		31.701		7.938		19.825		1.045

		5		1663.79		55.45967		53.733		26		5#5#0#1#		31.747		7.929		19.779		1.049

		8		1699.287		56.6429		53.773		11		5#5#0#1#		31.709		7.923		19.755		1.052

		9		1686.973		56.23243		53.753		1		5#5#0#1#		31.641		7.923		19.787		1.045

		10		1709.578		56.98594		53.907		15		5#5#0#1#		31.634		7.905		19.833		1.041

		11		1679.731		55.99103		53.981		8		5#5#0#1#		31.63		7.903		19.741		1.037

		19		1707.769		56.92563		53.907		26		5#5#0#1#		31.681		7.921		19.83		1.033

		20		1700.488		56.68293		53.773		20		5#5#0#1#		31.635		7.889		19.784		1.032

		21		1705.04		56.83467		53.743		25		5#5#0#1#		31.549		7.889		19.702		1.023

		34		1721.883		57.3961		53.981		26		5#5#0#1#		31.544		7.883		19.656		1.03

		24		1679.865		55.9955		53.397		4		5#1#3#0#		31.482		7.862		19.688		1.023

		25		1675.601		55.85337		53.471		26		5#1#3#0#		31.515		7.863		19.726		1.027

		6		1694.956		56.49854		53.487		10		1#5#1#1#		31.402		7.86		19.638		1.037

		26		1668.983		55.63277		53.678		7		0#1#2#0#		31.436		7.842		19.631		1.027

		30		1681.322		56.04407		53.618		15		0#1#2#0#		31.39		7.854		19.585		1.017

		31		1715.543		57.18477		53.47		9		0#1#2#0#		31.411		7.846		19.615		1.024

		37		1703.709		56.7903		53.336		7		0#1#2#0#		31.331		7.835		19.548		1.029

		3		1679.965		55.99883		53.33		14		6#1#-5#-3#		31.321		7.843		19.588		1.018

		36		1711.23		57.041		53.421		14		4#-1#2#0#		31.312		7.84		19.577		1.016

		2		1667.631		55.5877		53.24		11		2#-2#1#2#		31.347		7.832		19.535		1.013

		1		1704.457		56.81523		53.35		10		-1#1#-5#-3#		31.35		7.84		19.535		1.014

		7		1698.909		56.6303		53.496		0		7#5#-4#-4#		31.346		7.839		19.581		1.008

		18		1687.074		56.2358		53.154		4		7#1#-4#0#		31.352		7.829		19.578		1.018

		41		1718.5		57.28333		53.111		3		4#5#-5#0#		31.334		7.837		19.527		1.008

		0		1694.859		56.4953		53.046		14		-5#2#-6#-4#		31.34		7.837		19.573		1.013

		14		1699.879		56.66263		52.969		17		-1#-5#2#1#		31.344		7.829		19.563		1.004

		15		1683.821		56.12737		52.979		8		-1#-5#2#1#		31.298		7.836		19.573		1.008

		22		1672.08		55.736		53		1		7#-7#-4#-1#		31.292		7.818		19.615		1.018

		29		1674.572		55.81907		52.767		1		1#5#4#1#		31.338		7.826		19.569		1.008

		33		1696.635		56.5545		52.767		18		1#5#4#1#		31.299		7.826		19.545		1.012

		28		1701.191		56.70637		52.775		21		0#1#4#0#		31.299		7.826		19.499		1.002

		16		1683.978		56.1326		52.811		20		1#5#2#2#		31.253		7.826		19.545		1

		38		1713.456		57.1152		52.224		16		0#1#0#0#		31.253		7.818		19.535		0.999

		43		1732.588		57.75293		52.108		19		4#3#1#0#		31.299		7.826		19.499		0.992

		44		1732.672		57.75573		52.128		18		4#3#1#0#		31.296		7.808		19.545		0.998

		32		1707.542		56.91807		51.944		4		7#1#0#0#		31.289		7.808		19.535		0.993

		35		1729.723		57.65743		52.018		18		7#1#0#0#		31.253		7.816		19.531		0.998

		39		1705.332		56.8444		52.031		8		4#0#0#0#		31.259		7.812		19.527		0.989

		40		1750.889		58.36296		52.131		23		4#0#0#0#		31.263		7.798		19.53		0.997

		17		1703.039		56.76797		51.927		19		5#1#-4#0#		31.188		7.787		19.475		0.986

		42		1732.032		57.7344		51.848		4		4#1#2#0#		31.174		7.783		19.421		0.982

		45		1741.123		58.03743		51.728		27		4#1#2#0#		31.155		7.779		19.407		0.98

		46		1746.8		58.22667		51.727		13		4#1#2#0#		31.152		7.777		19.405		0.98
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停车次数



		ID		SumFitness		AveFitness		OptFitness		OptPopNo		solution		Nox		CO		Fuel		StopNum

		4		1673.569		55.78563		54.088		2		7#5#1#1#		31.364		7.849		19.725		1.114

		12		1675.806		55.8602		54.064		15		0#-7#2#1#		31.385		7.882		19.789		1.068

		13		1677.669		55.9223		53.812		24		0#-7#2#1#		31.431		7.867		19.765		1.068

		23		1674.472		55.81573		53.851		12		5#7#2#0#		31.421		7.830		19.743		1.036

		27		1674.19		55.80633		53.862		1		0#1#2#-1#		31.301		7.846		19.663		1.035

		5		1663.79		55.45967		53.358		26		5#5#0#1#		31.284		7.837		19.631		1.043

		8		1699.287		56.6429		53.575		11		5#5#0#1#		31.247		7.831		19.594		1.043

		9		1686.973		56.23243		53.378		1		5#5#0#1#		31.242		7.847		19.639		1.043

		10		1709.578		56.98594		53.531		15		5#5#0#1#		31.235		7.829		19.685		1.039

		11		1679.731		55.99103		53.605		8		5#5#0#1#		31.294		7.811		19.566		1.027

		19		1707.769		56.92563		53.708		26		5#5#0#1#		31.282		7.845		19.668		1.015

		20		1700.488		56.68293		53.398		20		5#5#0#1#		31.173		7.797		19.650		1.015

		21		1705.04		56.83467		53.545		25		5#5#0#1#		31.089		7.813		19.569		1.025

		34		1721.883		57.3961		53.078		26		5#5#0#1#		31.209		7.807		19.482		1.009

		24		1679.865		55.9955		53.226		4		5#1#3#0#		31.023		7.771		19.527		1.021

		25		1675.601		55.85337		53.098		26		5#1#3#0#		31.180		7.772		19.579		1.021

		6		1694.956		56.49854		53.289		10		1#5#1#1#		31.068		7.753		19.478		1.020

		26		1668.983		55.63277		53.304		7		0#1#2#0#		31.040		7.751		19.457		1.021

		30		1681.322		56.04407		53.320		15		0#1#2#0#		30.994		7.763		19.452		1.014

		31		1715.543		57.18477		53.097		9		0#1#2#0#		30.953		7.770		19.455		1.018

		37		1703.709		56.7903		52.964		7		0#1#2#0#		31.060		7.728		19.375		1.012

		3		1679.965		55.99883		53.133		14		6#1#-5#-3#		30.926		7.752		19.428		1.005

		36		1711.23		57.041		53.224		14		4#-1#2#0#		30.917		7.749		19.417		1.002

		2		1667.631		55.5877		52.869		11		2#-2#1#2#		30.890		7.741		19.362		1.003

		1		1704.457		56.81523		53.153		10		-1#1#-5#-3#		30.893		7.733		19.376		1.012

		7		1698.909		56.6303		53.098		0		7#5#-4#-4#		30.889		7.748		19.448		0.998

		18		1687.074		56.2358		52.959		4		7#1#-4#0#		31.019		7.754		19.445		1.016

		41		1718.5		57.28333		52.741		3		4#5#-5#0#		30.939		7.746		19.354		1.002

		0		1694.859		56.4953		52.676		14		-5#2#-6#-4#		30.945		7.746		19.427		0.996

		14		1699.879		56.66263		52.600		17		-1#-5#2#1#		30.887		7.754		19.390		0.994

		15		1683.821		56.12737		52.784		8		-1#-5#2#1#		30.903		7.745		19.400		1.006

		22		1672.08		55.736		52.631		1		7#-7#-4#-1#		30.897		7.727		19.468		1.004

		29		1674.572		55.81907		52.573		1		1#5#4#1#		30.881		7.735		19.396		0.995

		33		1696.635		56.5545		52.399		18		1#5#4#1#		30.966		7.735		19.399		1.006

		28		1701.191		56.70637		52.480		21		0#1#4#0#		30.842		7.735		19.367		0.996

		16		1683.978		56.1326		52.443		20		1#5#2#2#		30.921		7.735		19.399		0.991

		38		1713.456		57.1152		52.031		16		0#1#0#0#		30.921		7.727		19.389		1.001

		43		1732.588		57.75293		51.916		19		4#3#1#0#		30.843		7.720		19.367		0.986

		44		1732.672		57.75573		51.936		18		4#3#1#0#		30.901		7.717		19.399		0.992

		32		1707.542		56.91807		51.783		4		7#1#0#0#		30.894		7.702		19.362		0.987

		35		1729.723		57.65743		51.656		18		7#1#0#0#		30.797		7.725		19.372		0.985

		39		1705.332		56.8444		51.668		8		4#0#0#0#		30.865		7.721		19.354		0.976

		40		1750.889		58.36296		51.668		23		4#0#0#0#		30.867		7.720		19.354		0.974

																						17		1703.039		56.76797		51.478		19		5#1#-4#0#		30.764		7.697		19.249		0.975

																						42		1732.032		57.7344		51.230		4		4#1#2#0#		30.812		7.693		19.195		0.971

																						45		1741.123		58.03743		51.112		27		4#1#2#0#		30.793		7.689		19.181		0.969

																						46		1746.8		58.22667		51.111		13		4#1#2#0#		30.728		7.687		19.180		0.969
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		54.288		53.660503		53.660503		53.728806		53.853996		58.443858

		54.264		53.750126		53.750126		53.850594		53.954192		56.047764

		54.19		53.827912		53.827912		53.850594		53.927112		56.308209

		54.05		53.811002		53.811002		53.708508		53.829624		54.69345

		54.061		53.606391		53.606391		53.708508		53.6861		54.433005

		53.733		53.684177		53.684177		53.647614		53.561532		54.641361

		53.773		53.619919		53.619919		53.607018		53.49654		54.797628

		53.753		53.504931		53.504931		53.607018		53.583196		54.433005

		53.907		53.493094		53.493094		53.48523		53.707764		54.224649

		53.981		53.48633		53.48633		53.471698		53.458628		54.016293

		53.907		53.572571		53.572571		53.593486		53.69964		53.807937

		53.773		53.494785		53.494785		53.376974		53.575072		53.755848

		53.743		53.349359		53.349359		53.376974		53.353016		53.287047

		53.981		53.340904		53.340904		53.336378		53.228448		53.65167

		53.397		53.236062		53.236062		53.194292		53.315104		53.287047

		53.471		53.291865		53.291865		53.201058		53.418008		53.495403

		53.487		53.100782		53.100782		53.18076		53.179704		54.016293

		53.678		53.158276		53.158276		53.058972		53.160748		53.495403

		53.618		53.08049		53.08049		53.140164		53.03618		52.974513

		53.47		53.116001		53.116001		53.086036		53.11742		53.339136

		53.336		52.980721		52.980721		53.01161		52.935984		53.599581

		53.33		52.963811		52.963811		53.065738		53.044304		53.026602

		53.421		52.948592		52.948592		53.04544		53.014516		52.922424

		53.24		53.007777		53.007777		52.991312		52.90078		52.766157

		53.35		53.01285		53.01285		53.04544		52.90078		52.818246

		53.496		53.006086		53.006086		53.038674		53.025348		52.505712

		53.154		53.016232		53.016232		52.971014		53.017224		53.026602

		53.111		52.985794		52.985794		53.025142		52.879116		52.505712

		53.046		52.99594		52.99594		53.025142		53.003684		52.766157

		52.969		53.002704		53.002704		52.971014		52.976604		52.297356

		52.979		52.924918		52.924918		53.018376		53.003684		52.505712

		53		52.914772		52.914772		52.896588		53.11742		53.026602

		52.767		52.992558		52.992558		52.950716		52.992852		52.505712

		52.767		52.926609		52.926609		52.950716		52.92786		52.714068

		52.775		52.926609		52.926609		52.950716		52.803292		52.193178

		52.811		52.848823		52.848823		52.950716		52.92786		52.089

		52.224		52.848823		52.848823		52.896588		52.90078		52.036911

		52.108		52.926609		52.926609		52.950716		52.803292		51.672288

		52.128		52.921536		52.921536		52.828928		52.92786		51.984822

		51.944		52.909699		52.909699		52.828928		52.90078		51.724377

		52.018		52.848823		52.848823		52.883056		52.889948		51.984822

		52.031		52.858969		52.858969		52.855992		52.879116		51.516021

		52.131		52.865733		52.865733		52.761268		52.88724		51.932733

		51.927		52.738908		52.738908		52.686842		52.7383		51.359754

		51.848		52.715234		52.715234		52.659778		52.592068		51.151398

		51.728		52.683105		52.683105		52.632714		52.554156		51.04722

		51.727		52.678032		52.678032		52.619182		52.54874		51.04722
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		ID		SumFitness		AveFitness		延误		OptPopNo		solution		Nox		CO		Fuel		StopNum		油耗		氮氧化物		一氧化碳		停车次数

		4		1673.569		55.78563		54.288		2		7#5#1#1#		31.733		7.941		19.887		1.122		53.660503		53.728806		53.853996		58.443858

		12		1675.806		55.8602		54.264		15		0#-7#2#1#		31.786		7.959		19.924		1.076		53.750126		53.850594		53.954192		56.047764

		13		1677.669		55.9223		54.19		24		0#-7#2#1#		31.832		7.959		19.914		1.081		53.827912		53.850594		53.927112		56.308209

		23		1674.472		55.81573		54.05		12		5#7#2#0#		31.822		7.938		19.878		1.05		53.811002		53.708508		53.829624		54.69345

		27		1674.19		55.80633		54.061		1		0#1#2#-1#		31.701		7.938		19.825		1.045		53.606391		53.708508		53.6861		54.433005

		5		1663.79		55.45967		53.733		26		5#5#0#1#		31.747		7.929		19.779		1.049		53.684177		53.647614		53.561532		54.641361

		8		1699.287		56.6429		53.773		11		5#5#0#1#		31.709		7.923		19.755		1.052		53.619919		53.607018		53.49654		54.797628

		9		1686.973		56.23243		53.753		1		5#5#0#1#		31.641		7.923		19.787		1.045		53.504931		53.607018		53.583196		54.433005

		10		1709.578		56.98594		53.907		15		5#5#0#1#		31.634		7.905		19.833		1.041		53.493094		53.48523		53.707764		54.224649

		11		1679.731		55.99103		53.981		8		5#5#0#1#		31.63		7.903		19.741		1.037		53.48633		53.471698		53.458628		54.016293

		19		1707.769		56.92563		53.907		26		5#5#0#1#		31.681		7.921		19.83		1.033		53.572571		53.593486		53.69964		53.807937

		20		1700.488		56.68293		53.773		20		5#5#0#1#		31.635		7.889		19.784		1.032		53.494785		53.376974		53.575072		53.755848

		21		1705.04		56.83467		53.743		25		5#5#0#1#		31.549		7.889		19.702		1.023		53.349359		53.376974		53.353016		53.287047

		34		1721.883		57.3961		53.981		26		5#5#0#1#		31.544		7.883		19.656		1.03		53.340904		53.336378		53.228448		53.65167

		24		1679.865		55.9955		53.397		4		5#1#3#0#		31.482		7.862		19.688		1.023		53.236062		53.194292		53.315104		53.287047

		25		1675.601		55.85337		53.471		26		5#1#3#0#		31.515		7.863		19.726		1.027		53.291865		53.201058		53.418008		53.495403

		6		1694.956		56.49854		53.487		10		1#5#1#1#		31.402		7.86		19.638		1.037		53.100782		53.18076		53.179704		54.016293

		26		1668.983		55.63277		53.678		7		0#1#2#0#		31.436		7.842		19.631		1.027		53.158276		53.058972		53.160748		53.495403

		30		1681.322		56.04407		53.618		15		0#1#2#0#		31.39		7.854		19.585		1.017		53.08049		53.140164		53.03618		52.974513

		31		1715.543		57.18477		53.47		9		0#1#2#0#		31.411		7.846		19.615		1.024		53.116001		53.086036		53.11742		53.339136

		37		1703.709		56.7903		53.336		7		0#1#2#0#		31.331		7.835		19.548		1.029		52.980721		53.01161		52.935984		53.599581

		3		1679.965		55.99883		53.33		14		6#1#-5#-3#		31.321		7.843		19.588		1.018		52.963811		53.065738		53.044304		53.026602

		36		1711.23		57.041		53.421		14		4#-1#2#0#		31.312		7.84		19.577		1.016		52.948592		53.04544		53.014516		52.922424

		2		1667.631		55.5877		53.24		11		2#-2#1#2#		31.347		7.832		19.535		1.013		53.007777		52.991312		52.90078		52.766157

		1		1704.457		56.81523		53.35		10		-1#1#-5#-3#		31.35		7.84		19.535		1.014		53.01285		53.04544		52.90078		52.818246

		7		1698.909		56.6303		53.496		0		7#5#-4#-4#		31.346		7.839		19.581		1.008		53.006086		53.038674		53.025348		52.505712

		18		1687.074		56.2358		53.154		4		7#1#-4#0#		31.352		7.829		19.578		1.018		53.016232		52.971014		53.017224		53.026602

		41		1718.5		57.28333		53.111		3		4#5#-5#0#		31.334		7.837		19.527		1.008		52.985794		53.025142		52.879116		52.505712

		0		1694.859		56.4953		53.046		14		-5#2#-6#-4#		31.34		7.837		19.573		1.013		52.99594		53.025142		53.003684		52.766157

		14		1699.879		56.66263		52.969		17		-1#-5#2#1#		31.344		7.829		19.563		1.004		53.002704		52.971014		52.976604		52.297356

		15		1683.821		56.12737		52.979		8		-1#-5#2#1#		31.298		7.836		19.573		1.008		52.924918		53.018376		53.003684		52.505712

		22		1672.08		55.736		53		1		7#-7#-4#-1#		31.292		7.818		19.615		1.018		52.914772		52.896588		53.11742		53.026602

		29		1674.572		55.81907		52.767		1		1#5#4#1#		31.338		7.826		19.569		1.008		52.992558		52.950716		52.992852		52.505712

		33		1696.635		56.5545		52.767		18		1#5#4#1#		31.299		7.826		19.545		1.012		52.926609		52.950716		52.92786		52.714068

		28		1701.191		56.70637		52.775		21		0#1#4#0#		31.299		7.826		19.499		1.002		52.926609		52.950716		52.803292		52.193178

		16		1683.978		56.1326		52.811		20		1#5#2#2#		31.253		7.826		19.545		1		52.848823		52.950716		52.92786		52.089

		38		1713.456		57.1152		52.224		16		0#1#0#0#		31.253		7.818		19.535		0.999		52.848823		52.896588		52.90078		52.036911

		43		1732.588		57.75293		52.108		19		4#3#1#0#		31.299		7.826		19.499		0.992		52.926609		52.950716		52.803292		51.672288

		44		1732.672		57.75573		52.128		18		4#3#1#0#		31.296		7.808		19.545		0.998		52.921536		52.828928		52.92786		51.984822

		32		1707.542		56.91807		51.944		4		7#1#0#0#		31.289		7.808		19.535		0.993		52.909699		52.828928		52.90078		51.724377

		35		1729.723		57.65743		52.018		18		7#1#0#0#		31.253		7.816		19.531		0.998		52.848823		52.883056		52.889948		51.984822

		39		1705.332		56.8444		52.031		8		4#0#0#0#		31.259		7.812		19.527		0.989		52.858969		52.855992		52.879116		51.516021

		40		1750.889		58.36296		52.131		23		4#0#0#0#		31.263		7.798		19.53		0.997		52.865733		52.761268		52.88724		51.932733

		17		1703.039		56.76797		51.927		19		5#1#-4#0#		31.188		7.787		19.475		0.986		52.738908		52.686842		52.7383		51.359754

		42		1732.032		57.7344		51.848		4		4#1#2#0#		31.174		7.783		19.421		0.982		52.715234		52.659778		52.592068		51.151398

		45		1741.123		58.03743		51.728		27		4#1#2#0#		31.155		7.779		19.407		0.98		52.683105		52.632714		52.554156		51.04722

		46		1746.8		58.22667		51.727		13		4#1#2#0#		31.152		7.777		19.405		0.98		52.678032		52.619182		52.54874		51.04722

								53.1466170213						31.425893617		7.8544255319		19.6284893617		1.0202978723		53.1411861064

												3.02		0.4598969831
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		ID		SumFitness		AveFitness		OptFitness		OptPopNo		solution		Nox		CO		Fuel		StopNum

		4		1673.569		55.78563		53.818		2		7#5#1#1#		31.364		7.849		19.725		1.114

		12		1675.806		55.8602		53.794		15		0#-7#2#1#		31.385		7.882		19.789		1.068

		13		1677.669		55.9223		53.544		24		0#-7#2#1#		31.431		7.867		19.765		1.068

		23		1674.472		55.81573		53.582		12		5#7#2#0#		31.421		7.830		19.743		1.036

		27		1674.19		55.80633		53.593		1		0#1#2#-1#		31.301		7.846		19.663		1.035

		5		1663.79		55.45967		53.093		26		5#5#0#1#		31.284		7.837		19.631		1.043

		8		1699.287		56.6429		53.308		11		5#5#0#1#		31.247		7.831		19.594		1.043

		9		1686.973		56.23243		53.112		1		5#5#0#1#		31.242		7.847		19.639		1.043

		10		1709.578		56.98594		53.265		15		5#5#0#1#		31.235		7.829		19.685		1.039

		11		1679.731		55.99103		53.338		8		5#5#0#1#		31.294		7.811		19.566		1.027

		19		1707.769		56.92563		53.440		26		5#5#0#1#		31.282		7.845		19.668		1.015

		20		1700.488		56.68293		53.132		20		5#5#0#1#		31.173		7.797		19.650		1.015

		21		1705.04		56.83467		53.278		25		5#5#0#1#		31.089		7.813		19.569		1.025

		34		1721.883		57.3961		52.813		26		5#5#0#1#		31.209		7.807		19.482		1.009

		24		1679.865		55.9955		52.961		4		5#1#3#0#		31.023		7.771		19.527		1.021

		25		1675.601		55.85337		52.834		26		5#1#3#0#		31.180		7.772		19.579		1.021

		6		1694.956		56.49854		53.024		10		1#5#1#1#		31.068		7.753		19.478		1.020

		26		1668.983		55.63277		53.038		7		0#1#2#0#		31.040		7.751		19.457		1.021

		30		1681.322		56.04407		53.054		15		0#1#2#0#		30.994		7.763		19.452		1.014

		31		1715.543		57.18477		52.833		9		0#1#2#0#		30.953		7.770		19.455		1.018

		37		1703.709		56.7903		52.700		7		0#1#2#0#		31.060		7.728		19.375		1.012

		3		1679.965		55.99883		52.868		14		6#1#-5#-3#		30.926		7.752		19.428		1.005

		36		1711.23		57.041		52.959		14		4#-1#2#0#		30.917		7.749		19.417		1.002

		2		1667.631		55.5877		52.606		11		2#-2#1#2#		30.890		7.741		19.362		1.003

		1		1704.457		56.81523		52.888		10		-1#1#-5#-3#		30.893		7.733		19.376		1.012

		7		1698.909		56.6303		52.833		0		7#5#-4#-4#		30.889		7.748		19.448		0.998

		18		1687.074		56.2358		52.695		4		7#1#-4#0#		31.019		7.754		19.445		1.016

		41		1718.5		57.28333		52.478		3		4#5#-5#0#		30.939		7.746		19.354		1.002

		0		1694.859		56.4953		52.414		14		-5#2#-6#-4#		30.945		7.746		19.427		0.996

		14		1699.879		56.66263		52.338		17		-1#-5#2#1#		30.887		7.754		19.390		0.994

		15		1683.821		56.12737		52.521		8		-1#-5#2#1#		30.903		7.745		19.400		1.006

		22		1672.08		55.736		52.368		1		7#-7#-4#-1#		30.897		7.727		19.468		1.004

		29		1674.572		55.81907		52.311		1		1#5#4#1#		30.881		7.735		19.396		0.995

		33		1696.635		56.5545		52.138		18		1#5#4#1#		30.966		7.735		19.399		1.006

		28		1701.191		56.70637		52.218		21		0#1#4#0#		30.842		7.735		19.367		0.996

		16		1683.978		56.1326		52.182		20		1#5#2#2#		30.921		7.735		19.399		0.991

		38		1713.456		57.1152		51.772		16		0#1#0#0#		30.921		7.727		19.389		1.001

		43		1732.588		57.75293		51.657		19		4#3#1#0#		30.843		7.720		19.367		0.986

		44		1732.672		57.75573		51.677		18		4#3#1#0#		30.901		7.717		19.399		0.992

		32		1707.542		56.91807		51.525		4		7#1#0#0#		30.894		7.702		19.362		0.987

		35		1729.723		57.65743		51.398		18		7#1#0#0#		30.797		7.725		19.372		0.985

		39		1705.332		56.8444		51.411		8		4#0#0#0#		30.865		7.721		19.354		0.976

		40		1750.889		58.36296		51.411		23		4#0#0#0#		30.867		7.720		19.354		0.974

																						17		1703.039		56.76797		51.478		19		5#1#-4#0#		30.764		7.697		19.249		0.975

																						42		1732.032		57.7344		51.230		4		4#1#2#0#		30.812		7.693		19.195		0.971

																						45		1741.123		58.03743		51.112		27		4#1#2#0#		30.793		7.689		19.181		0.969

																						46		1746.8		58.22667		51.111		13		4#1#2#0#		30.728		7.687		19.180		0.969
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